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PREFACE. 


I  UNDERTOOK  originally  to  edit  the  late  Mr.  Watt's  well- 
known  work  on  Electro-Deposition,  and  to  write  a 
farther  amount  of  about  one  hundred  pages,  but  gradually 
(and,  as  I  think,  unavoidably)  this  amount  expanded  into 
two  hundred  and  twenty  pages  of  fresh  matter.  At  this 
point  the  Publishers  sympathetically  but  firmly  inteiTened 
by  placing  their  veto  upon  any  further  extension. 

The  present  edition  appears  under  a  modified  title,  and 
has  for  convenience  been  divided  into  two  parts — namely, 
Part  I,  or  Electro-Plating,  and  Part  II.,  or  Electro- 
metallurgy. The  second  part,  however,  has  included  in 
it  a  description  of  the  methods  of  coating  iron  with  zinc 
electrolytically.  It  might  be  considered  that  this  subject 
should  be  more  correctly  included  in  the  section  on 
Electro-Plating,  but  the  large  scale  upon  which  the  work 
is  conducted  nowadays,  and  the  fact  that  at  present  it 
represents  the  only  successfully  practised  process  for  the 
electrolytic  treatment  of  zinc,  have  led  to  its  being  given  a 
place  in  Part  11.  On  the  other  hand,  the  whole  of  the 
subject  of  the  electrical  extraction  of  metals  from  their 
ores  has — with  the  single  exception  of  the  electrolytic 
smelting  of  aluminium — been  excluded  from  the  present 
volume,  partly  because  of  the  want  of  room,  but  largely 
because  of  the  unsatisfactory  state  in  which  this  portion  of 
electro-metallurgical  technology  still  exists. 
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That  portion  of  the  new  matter  in  this  edition  which  is 
original  work,  and  which  I  believe  to  be  of  some  importance, 
is  contained  in  Chapters  II.  and  III.  of  Part  11.,  and  is  an 
attempt  to  systematise  the  electro-refining  of  copper — and 
(it  may  be  added)  of  all  metals,  from  the  financial  side — 
for  a  similar  treatment  is  with  very  slight  modifications 
capable  of  being  applied  to  the  electrolytic  refining  of  any 
other  metal,  bat  owing  to  want  of  space  has  not  been 
attempted  here.  I  have  to  thank  Mr.  J.  H.  Brinkworth, 
of  Bristol,  very  heartily  for  his  kind  a^ssistance  in  checking 
some  of  the  numerous  calculations  contained  in  the  chapters 
dealing  with  this  portion  of  the  subject. 

Two  guiding  principles  which  I  have  endeavoured  to 
follow  will,  it  is  hoped,  be  consistently  apparent  in  those 
portions  of  this  work  for  which  I  am  responsible.  The  first 
is  the  neglect  of  theory,  or  at  least  its  treatment  in  the 
most  superficial  and  sketchy  manner.  This  is  necessitated  by 
the  narrow  space  limits,  and  is  also  desirable  as  enforcing 
the  fact  that  a  technical  text  book  cannot,  and  should  not, 
deal  with  explanations  of  the  underlying  theory,  but  should 
assume  them.  The  second  principle  of  treatment  is  the 
constant  recognition  of  the  importance  of  the  question  of 
cost.  Financial  success  is  the  only  basis  upon  which 
technology  can  exist. 

The  alterations  which  have  been  made  in  this  edition 
are  chiefly  as  follows : — Chapters  I.,  II.,  III.,  and  V.  of 
Mr.  Watt's  1889  edition  have  been  taken  out  and  replaced 
by  Chapters  I.  and  II.  of  the  present  edition.  The 
remainder  of  the  volume,  up  to  the  end  of  Part  I.  of  the 
Appendix  on  Electro-Plating,  is  (with  the  exception  of 
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page  440)  entirely  Mr.  Watt's  work,  and  only  differs 
from  the  1889  edition  in  that  the  matter  in  Chapters 
XXVL,  XXVII.,  and  XXVIIL,  as  weU  as  Part  I.  of  the 
Appendix,  has  been  arranged  in  a  somewhat  different 
order.  Part  II.  of  the  Appendix  on  Electro- 
Plating  is  new,  with  the  exception  of  those  parts  on  cobalt, 
which  are  from  the  1889  edition.  The  historical  remarks 
on  the  electro-metallurgy  of  copper,  consisting  of  19  pages 
in  Chapter  I.  of  Part  II.  of  this  edition,  are  retained  from 
the  thirty-three  pages  of  Chapters  XXIV.  and  XXX.  of  the 
1889  volume.  The  remaining  seven  chapters  on  electro- 
metallurgy are  entirely  new,  with  the  exception  of  an 
account  of  Keith's  process  of  electrolytically  refining  lead 
in  Chapter  YL,  an  account  of  Cowles'  process  of  producing 
alloys  of  aluminium  in  Chapter  YIL,  and  a  description  of 
Garcia's  and  of  Montagne*s  processes  for  recoveiing  tin  from 
waste  tinned  iron  in  Chapter  V. 

As  regards  the  bulk  of  the  volume,  the  net  result  (it 
will  be  seen)  of  the  revision  to  which  the  work  has  been 
subjected  is  the  enlargement  of  the  text  by  about  one 
hundred  pages.  Where  necessary  to  bring  the  work  up  to 
date,  new  illustrative  diagrams  have  been  freely  introduced. 

ARNOLD  PHILIP. 

TBM   ORBMIOAL  LABOBATOBY, 

H.H.  DOOXYASD,  POUTSMOUTH. 

Juiy  ZUt,  1902. 


PREFACE 

TO  FIBHT  EDITION  OF  "  ELECTBO-DEPOSITION.* 


In  contemplating  the  present  work,  the  Author's  desire 
was  to  furnish  those  who  are  engaged  in  the  Electro- 
Dbposition  of  Metals,  and  in  the  equally  important 
department  of  Applied  Science  ELEcrrRO-METALLURGY, 
with  a  comprehensive  treatise,  embodying  all  the  practical 
processes  and  improvements  which  the  progress  of  Science 
has,  up  to  the  present  time,  placed  at  our  command. 

While  the  long-continued  success  of  the  Author's  former 
work  upon  this  subject,  "Electro-Metallurgy  Practically 
Treated  " — now  passing  through  its  Eighth  Edition — testi- 
fies to  its  having  filled  a  useful  place  in  technical  literature, 
the  art  of  which  it  treats  has  during  recent  years  attained 
such  a  high  degree  of  development,  that  it  was  felt  that  a 
more  extended  and  complete  work  was  needed  to  represent 
the  present  advanced  state  of  this  important  industry. 

In  carrying  out  this  project,  the  Author^s  aim  has  been 
to  treat  the  more  scientific  portion  of  the  work  in  such  a 
manner  that  those  who  are  not  deeply  learned  in  Science 
may  readily  comprehend  the  chemical  and  electrical  prin- 
ciples of  Electrolysis,  the  knowledge  of  which  is  essential  to 
those  who  would  practise  the  art  of  Electro-Deposition  with 
economy  and  success.  He  has  also  endeavoured  to  render 
the  work  thoroughly  practical  in  character  in  all  its  most 
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itnportanfc  details ;  and  having  himself  worked  most  of  the 
operations  of  the  art  upon  a  very  extensive  scale,  he  is 
enabled  in  many  instances  to  give  the  results  of  his  own 
practical  experience. 

Electro-Metallurgy,  which  is  now  recognised  as  a 
distinct  branch  of  electro-chemistry,  has  been  treated  sepa- 
rately, and  those  processes  which  have  been  practically 
adopted,  such  as  the  electrolytic  refining  of  cmde  copper,  are 
exhaustively  given,  while  other  processes,  now  only  upon 
their  trial,  are  described.  In  this  section  also  will  be  found 
a  description  of  the  new  process  of  electnc  smelting,  as  ap- 
plied, more  especially,  to  the  production  of  aluminium  and 
silicon  bronzes. 

In  conclusion,  the  author  tenders  his  best  thanks  to 
those  who  kindly  furnished  him  with  information,  for  the 
readiness  and  promptitude  with  which  they  complied  with 
his  requests. 

ALEXANDER   WATT. 

London,  Deetmhert  1885. 
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PART  L— ELECTRO-PLATING. 

CHAPTER  I. 

PRELIMINARY    CONSIDERATIONS.—PRIMARY    AND 

SECONDARY    BATTERIES. 

The  Electric  Current. — Electricity  Moving  Force.— The  Electric  Circuit. 
— Source  of  Electricity  Moving  Force. — Chemical  Electric  Bat- 
teries.— ^Magnitudes  ol  e.  m.  f .  ol  Batteries. — Polarisation. — Polarity 
of  Batteries. — ^Primary  Batteries. — The  Lalande  Cell. — The  Daniell 
Cell. — Amalgamation  of  Zincs. — Management  of  Primary  Bat- 
teries.—Relative  Activity  of  Primary  Cells. — Constancy  of  Primary 
Cells. — General  Remarks  on  Primary  Batteries. — Secondary  Bat- 
teries.— Care  and  Repair  of  Secondary  Batteries. — Annual  Cost  of 
Upkeep  of  Secondary  Batteries. — Electrolytes. — Short  Circuits. — 
Connection  of  Batteries  in  Series  and  Parallel. — Ammeters  and 
Voltmeters. — Regulating  Resistances. 

It  is  not  the  object  of  this  treatise  to  enter  into  discussions  on,  and 
explanations  of,  the  theories  of  chemistry,  electricity  and  magnetism, 
or  the  methods  of  construction  and  design  of  dynamos.  Such 
questions  must  be  studied  in  some  one  or  more  of  the  numerous 
excellent  text  books  now  existing  which  deal  especially  with  these 
branches  of  pure  and  applied  chemistry,  electricity  and  magnetism. 
The  present  work  is  intended  above  all  to  deal  with  the  question  of  the 
chemical  action  of  the  electric  curreut  from  a  practical  standpoint  and 
all  theory  is  as  far  as  possible  omitted,  except  in  its  simplest  and  most 
generalised  form.  It  must  not  be  imagined,  however,  that  the  present 
writer  wishes  iu  any  way  to  induce  the  student  of  this  particular 
branch  of  applied  electricity  to  consider  that  the  theory  of  the  subject 
is  unimportant.  The  theory  is  of  the  greatest  value  to  guide  and 
direct  experimental  work,  and  it  cannot  be  too  strongly  urged  that 

B 


a  PBIMART   AND    SECONDARY   BATTKRIKS. 

every  practical  technical  worker  who  Is  possessed  of  little  or  no  theory, 
however  successful  and  excellent  he  may  be  in  his  particular  branch  of 
applied  science,  will  find  himself  rendered  the  more  capable  in  carry- 
ing out  improvements  and  rectifying  difficulties  the  greater  the  amount 
of  soond  theoretical  knowledge  he  is  able  to  obtain. 

Tlie  Blectrie  Gnmnt, — For  all  practical  purposes  the  electric 
cnirent  may  be  considered  as  being  similar  to  a  current  of  water,  and 
the  electric  conductors  in  which  it  can  flow  as  being  analogous  to 
water  pipes,  whilst  non-conductors  of  electricity  may  be  represented, 
by  analogy,  by  the  solid  materials  forming  the  walls  of  the  pipe 
through  which  the  water  flows. 

Bleotro-MotlTe  Force,  or  BUetrleity  Bffovliis  Force. — In  order 
that  a  current  of  water  may  flow  through  a  pipe,  it  is  necessary  to  have 
a  water  moving  force,  such  as  a  pump,  or  a  head  of  water,  arranged 
somewhere  in  the  course  of  the  tube  through  which  the  water  flows. 
And  in  order  that  the  electric  current  may  flow,  it  is  always  necessary 
that  there  shall  be  an  electricity  moving  force  (or  as  it  is  frequently 
written  shortly,  an  e.  m.  f .)  somewhere  in  the  circuit. 

Tbe  Blectrie  Ctrcnit. — If  the  reader  wiU  consider  for  one  moment 
he  will  find  that  in  all  cases  where  we  have  a  eontinuoug  flow  of  water 
there  must  be  a  closed  circuit  or  path,,  round  which  this  flow  takes  place. 
For  instance,  if  a  pump  and  its  attached  engine  (the  source  of  water 
moving  force)  is  raising  water  from  a  mine,  which  water,  as  it  escapes 
from  the  pump,  runs  back  again  down  the  shaft,  we  have  a  case  of  a 
continuous  circuit.   Again ,^  in  the  case  of  a  river,  running  continuously 
(or  nearly  so)  into  the  sea  and  continuously  supplied  at  its  sources  with 
water  from  the  clouds  (which  water  has-  been  extracted  from  the  sea 
by  the  sun) ;  the  sun  is  the  water  motive  force  and  the  closed  path  of 
flow  (or  the  circuit  as  it  is  called  in  the  case  of  electricity)  is  down  the 
river  bed,  into  the  sea,  up  through  the  air  from  the  sea,,  as  water 
vapour,  transport  by  the  winds  as  clouds,  again  a  downward  path 
through  the  air  on  to  the  land,  and  once  more  along  the  river  bed.   In 
the  case  of  the  electric  current  we  have  a  closely  analogous  arrange- 
ment.    There  must  always  be  a  closed  circuit,  and  as  electririty  can 
only  flow  in  an  electric  conductor,  such  as  a  metal,  carbon,  or  a  con- 
ducting liquid,  the  circuit  throughout  must  consist  of  one  or  more  of 
these  materials  continuously  connected  ;  if  at  any  point  the  connection 
between  the  conductors  is  broken  by  a  non-conductor,  such  as  air, 
ebonite,  indiarubber,  etc.,  the  current  must  at  once  ceaae  flowing. 

Thus  the  necessary  conditions  for  a  continuous  flow  of  electricity 
are; — 

iflt.  A  source  of  electricity  motive  force  or  e.  m.  f. 
2nd.  A  continuous  closed  conducting  path  in  the  course  of  which 
the  source  of  e.  m.  f .  is  placed. 
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Bowte^m  off  Btoetrleity  MotlTtt  Tore: — Practically  there  axe 
three  different  t3rpe8  of  sources  of  electricity  motive  force  : — 

1.  The  electro-chemical  battery,  generally  known  as  the  electric 
battery. 

2.  The  thermopile. 

3.  The  dynamo. 

We  shall  immediately  consider  the  relative  merits  and  importance 
of  these  sources. 

For  technical  purposes  the  prime  oonrideratiou  in  conducting  any 
process  is  economy  of  both  time  and  money,  and  as  the  cost  of  the 
electric  current  obtained  from  any  given  source  depends  upon  the 
prime  cost  of  the  Kencrator,  its  rate  of  depreciation,  and  the  cost  of 
maintenance,  it  is  of  vital  importance  to  consider  these  matters  with 
every  care. 

In  the  writer's  opinion  the  most  advantag^us  source  of  electrical 
energy  for  small  work  up  to  perhaps  as  large  a  current  as  about  three 
amperes,  if  the  work  is  turned  out  at  a  steady  rate,  or  im  large  as 
perhaps  twice  Uiis  amount  if  the  output  of  work  is  variable  and  the 
plating  i)lant  only  intermittently  used,  is  a  form  of  the  Lalande 
battery  manufactured  by  Messrs.  Umbreit  and  Matthes  of  Leipzig. 
This  refers  to  the  cases  most  unfavourable  to  the  employment  of 
primary  batteries,  namely,  when  either  cheap  electrical  or  cheap  mecha- 
nical power,  or  both,  is  to  be  easily  obtained.  Under  other  circum- 
stances, where  neither  electrical  nor  mechanical  power  is  to  be  had, 
the  importance  of  this  form  of  primary  battery  is  greatly  increased, 
and  it  may  be  employed  with  advantage  imder  the  most  favourable 
oircumstances  for  currents  up  to  as  large  as  20  or  perhaps  30  amperes. 
In  connection  with  these  statements  it  may  be  remarked  that  3 
amp(Tes  is  a  current  sufficiently  large  to  plate  satisfactorily  about  500 
square  inches  of  surface  with  gold,  or  as  much  as  about  i€X>  to  300 
scjuare  inches  with  silver,  or  to  electrotype  with  copper,  surfaces  as 
large  as  about  30  to  40  square  inches.  A  fuller  discussion  of  the 
question  as  to  the  best  form  of  current  generator  to  employ  under 
different  conditions  is  given  at  the  end  of  the  next  chapter,  after  all 
the  available  current  generators  have  been  considered  uid  their 
efficiency,  prime  cost,  and  upkeep  noted. 

It  is  now  necessary  to  describe  the  various  forms  of  primary  electric 
batteries  which  are  available  for  electro-plating  and  other  electro- 
metallurgical  work.  In  the  writer's  opinion,  none  of  the  primary 
batteries,  except  the  modified  Lalande  cell  already  mentioned,  should  be 
for  a  moment  considered  for  practical  work,  but  owing  to  the  fact  that 
this  form  of  cell  is  of  very  recent  introduction,  and  as  in  the  larger 
part  of  the  text  of  this  book  other  forms  of  battery  are  contiuuidly 
zeferred  to,  it  is  necessary,  in  order  that  the  reader  may  oleac]/  follow 
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Mr.  Watt's  remBrks,  that  u  description  of  the  various  fomu  of 
batteries  mentioned  shall  be  jriven  here.  Moreover,  as  no  doubt  many 
cxperimeutalista,  amateuix  and  others,  may  have  in  their  posseBsion 
Bume  one  or  more  of  the  older  forms  of  electric:  butteries,  a  few  words 
on  their  eoiiHtnictioD  and  mana^^cmeut  may  be  found  useful. 

aiactrle  Battartaa.— Aii  electric  battery  depends  for  its  c.  m.  f. 
npan  a  cbemical  action  occmrring  within  it,  and  must  have  three 
CHsential  parts. 

I  and  2.  IVo  diSerent  conducting  bodies,  always  solid  in  practice 

unless  mercmy  ia  employed  for  one. 
3-  A  liquid  which  can  conduct  electricity,  bat  whicn  is  chemically 
changed  by  the  passage  of  electricity  through  it.    (Such  a 
liquid  is  known  as  an  electrolyte.    This  clasx  of  liquids  is 
further  considered  on  page  3 j . ) 

The  liquid  is  contained  in  some  vessel 
mude  of  a  material  upon  which  the 
electrolyte  bus  no  action,  and  one  end 
of  eauh  of  the  two  conducting  solids  is 
immcrued  in  the  liquid.      IIil'  solids 

II  must  be  prevented  from  touching  oue 
I  another  ia  the  liquid.  To  each  of  the 
two  ends  of  the  conducting  solids  or, 
us  they  are  called,  elements  of  the  bat- 
tery, which  arc  not  immdrved  in  the 
liquid,  terminal  surews  are  attached, 
and  these  serve  to  connect  the  battery 
by  means  of  wires  to  the  apparatus, 
Fig.  I.-  Single  CeUs,  eitema]  to  the  biitlerj-,  through  which 

it  is  dmirwi  to  pass  an  electric  cur- 
rent. SueL  a  simple  arrangement  of  muteriuls  forming  a  battery  cell, 
ao  jt  IS  called,  is  shotm  iu  ilg.  1,  where  Z  deDotes  a  pialc  of 
metallic  due,  and  P  is  a  plate  of  platinum ;  these  are  immeraed  in  a 
solution  of  sulphuric  acid  in  water  contained  in  a  glass  vesw-I.  The 
bmding  screws  are  not  shown,  but  the  eiteroal  conductors  of  copper 
wire  are  soldered  directly  to  the  ends  of  the  zinc  and  plaUnum  trapeo 
lively,  which  emerge  from  the  liquid. 

Each  particular  combination  of  a  pair  of  solid  conductors  and  elec- 
trolyte solution  give  a  perfectly  definite  electricity  motive  foree  at  any 
given  temperature,  but  if  tlie  temperature  is  altered,  the  electricity 
moving  force  of  the  ceU  is  slightly  altered ;  this  alteration,  however, 
IB  very  slight  compared  with  the  alteration  which  tuny  oci!ur  due  to 
changing  the  material  of  either  one  or  both  of  the  conducting  solids  and 
the  electrolyte. 

l>>Knlta4«   Of  &•  BUotco-MMtT*  roTM*  «f  BattolM.— The 
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elechro-motive  force  of  any  g^enerator  is  meaBured  in  terms  of  the  unit 
of  electrical  pressure  or  electro-motive  force,  which  is  called  the  volt. 
The  actual  value  of  the  e.  m.  f.  of  any  fdngle  cell  of  any  electrical 
battery  which  is  employed  in  practice  varies  from  the  highest  value  of 
about  2*2  volts  in  a  secondary  battery,  down  to  about  I'D  volt  in  a 
Smee^s  cell.  It  must  bo  understood  that  the  unit  of  e.  m.  f.,  or 
electrical  pressure,  is  analogous  to  the  unit  of  head  of  water,  or 
pressure  of  water,  which  is  usually  expressed  in  so  many  feet  of  head. 
The  electrical  pressure  required  in  electro-plating  work  varies  from 
about  2  volts  lip  to  as  much  as  nearly  8  volts,  whilst  for  ordinary 
house  lighting  work  pressures  usually  vary  from  about  lOo  volts  up  to 
as  high  as  250  volts  on  the  lamps.  Most  people  can  hardly  feel  a 
pressure  of  100  direct  volts,  when  applied  to  the  hands  acroBS  the  body, 
whilst  it  is  unlikely  that  250  volts  could  give  a  dangerous  shock,  unless 
the  hands  had  been  previously  well  soaked  in  some  conducting  liquid. 
It  must  be  remembered,  however,  that  these  results  only  A-pply  to  dirret 
pressures ;  alternating  pressures  at  100  volts  may  produce  very  un- 
pleasant sensations  with  f>ome  persons,  and  especially  if  the  hands  are 
moistened  with  a  conducting  liquid.  These  details  concerning  the 
value  of  different  voltages,  are  given  in  order  to  familiarise  the  reader 
with  some  practical  ideas  of  the  order  of  the  electrical  pressures  which 
are  employed  for  most  electro-chemical  proceBses. 

Electro-motive  Forces  op  the  Chief  Chrmtcal  Batteries. 
Name  of  cell.  Approximate  volts.        Bemarks  on  voltage. 

Secondary  battery        .        .    r 8   to  2*2  constant. 

Lalande  (Cupron  elonient)   .    0*75  to  085  constant. 

I'l 

2'I 

x'47 


Danieil  . 

Bichromate 

Leclancbe 


constant. 

volts  fall  with  use. 
volts  fall  with  use  but 
recover  on  standing, 
volts  fall  with  use. 


It 


» 


tt 


1} 


)i 


}} 


Smee's  .        •        .        •        .     0-5  to  i-o 
Wollaston     .        .  .     0*5  to  I'o 

Grove     .        .        .        .        .      1*6  to  1*9 
Bunsen  .        .        .        .        .     1*5  to  17 

Minimum  Electro-motive  Forces  Required  for  Electro-platino 

Beactions. 

Brass about  4  volts. 

Copper  (acid  bath) 0*5  to  15 

„       (alkaline  bath)        .       .  •  3    to  5 

Gold o'5  to  I 

Iron  (steel  facing  of  copper  plates)    .        .1     to  1-5 

Nickel  (on  various  metals) .  .        .  i'5  to  8 

Platinum 4    to  6 

Silver 0'5  to  i 

Zinc  (on  various  metals)     .       .       .       .  3    to  8 


»» 
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It  will  ho  noticed  from  the  ahove  given  details  that  there  is  no  inng'ld 
cell  which  can  give  the  e.  m.  f .,  which  is  required  for  many  electro- 
plating operations,  but  this  difficulty  may  be  readily  overcome  by 
arranging  the  batteries  in  series  as  it  is  termed.  This  method  of 
arrangement  will  be  briefly  referred  to  later  on,  but  in  the  meantime  it 
may  be  noted  that  by  thus  arranging  a  sufficient  number  of  any  cells 
in  series,  any  desired  e.  m.  f .  may  be  obtained,  and  such  batteries  of 
cells  of  even  the  lowest  e.  m.  f .  have  been  built  up  until  very  large 
e.  m.  fs.  have  been  obtained,  sufficiently  high  indeed  to  need  great 
caution  in  dealing  with  them  to  avoid  a  dangerous  shock.  For 
all  plating  purposes  it  is  therefore  clear  that  it  is  a  very  simple 
matter  to  connect  in  series  a  sufficient  number  of  the  single  cells  to  g^ve 
a  battery  luiving  an  ample  e.  m.  f . 

Polarlsatioa  of  0«ll«i — Most  electrical  batteries,  when  they  have 
been  connected  in  a  circuit  with  a  fixed  resistance,  yield  a  rurreut 
which,  although  perhaps  of  amply  sufficient  magnitude  at  first,  is 
gradually  found  to  decrease  in  strength.  In  some  cases  this  variation 
of  strength  is  very  marked,  and  this  is  the  case  although  the  resistance 
of  the  circuit  remains  constant.  Now  the  current  in  an  electric  circuit 
flows,  as  is  well  known,  according  to  Olun's  law,  which  states  that 
the  resistance  of  any  circuit,  or  part  of  a  ciixjuit,  is  defined  as  the 
ratio  of  the  total  e.  m.  f .  in  that  circuit,  or  portion  of  a  circuit,  to  the 
current  caused  to  flow  in  the  circuit.  That  is,  if  the  renistance  of  a 
circuit  is  represented  by  the  letter  R,  and  the  e.  m.  f .  by  the  letter  £, 

E  . 

whilst  the  current  is  represented  by  the  letter  C,  then  the  ratio  y^  is 

equal  to  the  resistance  Bof  the  circuit,  or  the  relationship  is  represented 
by  the  equation, 

E  F 

-  =  R,  or,  as  it  may  also  be  'written  0  =  - 

If  E  is  expressed  in  volts,  and  C  in  amperes,  R  is  expressed  in  ohms. 
This  well  known  equation  enables  us  to  readily  calculate  out  muiy 
useful  problems.  For  instance,  in  the  present  case,  to  explain  the 
diminution  of  the  current  after  a  cell  has  been  running  some  little  time 
on  a  constant  resistance  R,  we  see  that  the  only  way  to  account  for 
the  fall  in  current  is  to  suppose  that  the  value  of  the  voltage  £  of  the 
cell  has  diminished,  and  this  is  precisely  what  investigation  shows  has 
occurred.  This  decrease  of  the  current  is  due  to  one  or  all  of  the  three 
following  causes : — 

ist.  The  current  given  out  by  the  cell  causes  a  chemical  action  to 
occur  in  the  cell,  and  if  the  cell  is  one  containing  a  single  fluid,  such 
as  dilute  sulphuric  acid  (as  in  the  case  with  the  Smee  cell),  hydrogen  is 
deposited  on  the  platinised  silver  plate,  and  this  coating  of  the  plate 
outside  with  hydrogen  causes  it  in  effect  to  act  with  the  e.  m.  f .  of  a 
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cell  made  up  with  the  elemontH  of  hydrogen  and  zinc  in  dilute  sulphnric 
acid  instead  of  platinised  silver  and  zinc  in  dilute  snlphorio ;  it  has 
already  been  stated  that  the  e.  m.  f .  of  the  cell  prhctically  only  depends 
upon  the  nature  of  tlie  elements  and  the  liquid,  and  the  hydrogen  and 
zinc  elcment.s  in  dilute  sulphuric  hare  a  smaller  o.  m.  f.  thsm  the 
platinised  silver  and  zinc  in  the  same  li(|uid«  Therefore  by  Ohm's  law, 
as  the  e.  m.  f.  has  been  decrca8<.'d,  the  current  must  decreaae 
proportionately, 

2nd.  The  depotdtiou  of  the  hydrogen  upon  the  platiuised  silver  plate 
causes  the  resistance  of  the  cell  to  be  somewhat  increased,  and  therefore 
as  K  is  increased,  we  again  see  that  by  Ohm's  law  C  must  decrease. 
This  effect  no  doubt  does  exist  in  the  Smee  cell  to  some  extent,  but  it 
is  not  by  any  means  such  a  powerful  factor  in  reducing  the  current  as 
the  first  noticed  cause. 

The  two  above-described  actions  causing  the  decrease  of  the  current 
gfivjn  by  a  ceU  are  included  in  what  is  known  as  the  polarisation  of  the 
cell,  a  term  which  has  nothing  except  custom  to  recommend  it,  bnt  is 
always  intended  to  indicate  the  actions  we  have  just  considered. 

3rd.  The  third  cause  of  the  cell's  decrease  of  activity  is  due  to  the 
fact  that  the  chemical  or  chemicals  in  the  solution  of  the  cell  become 
changed.  Tliis  always  occurs  to  a  greater  or  smaller  extent  in  all  cells. 
For  instance,  in  the  Smee  ceU  the  dilute  sulphuric  acid  is  gradually 
converted  into  a  solution  of  zinc  sulphate.  In  the  Daniell  cell  the 
same  action  takes  place  if  dilute  sulphuric  acid  is  employed,  whilst  if  a 
zinc  sulphate  solution  is  used  to  conomence  with,  this  solution  becomes 
more  and  more  concentrated.  In  the  Bichromate  cell  this  change  of 
the  character  of  the  solution  has  a  very  marked  effect,  and  it  is  also 
less,  bnt  still  noticeable,  in  the  Bunsen  and  in  the  Grove's  cells.  The 
change  in  the  chemical  character  of  the  solutions  alters  one  of  the 
three  things  necessary  for  a  given  e.  m.  f.,  and  therefore,  as  might 
have  been  supposed,  the  e.  m.  f .  itself  is  altered,  and  always  in  all 
practical  cases  it  is  altered  in  such  a  sense  as  to  diminish  the  e.  m.  f . 
This  cause  of  alteration  of  e.  m.  f .  of  a  cell  is  very  small  in  the  case  of 
the  secondary  battery  and  the  Daniell  cell,  it  is  greater  in  the  Bunsen 
and  the  Grove's  cells,  and  is  probably  most  marked  in  the  case  of  the 
Bichromate  cell,  whilst  in  the  Smee  it  has  very  little  effect.  It  must 
be  understood,  however,  that  this  does  not  mean  that  the  Smee  cell  has 
a  much  more  constant  e.  m.  f.  than  the  Bichromate ;  as  a  matter  of 
fact  their  rate  of  fall  of  e.  m.  f.  may  be  much  the  same,  but  in  the 
Smee  it  is  chiefly  due  to  the  polarising  hydrogen,  whilst  in  the  Bichro- 
mate cell  it  is  chiefly  due  to  the  alteration  of  the  chemical  nature  of  its 
exciting  fluid. 

Foiarlty  of  Obaniioml  Batt«rl«s. — AH  the  batteries,  with    the 
exception  of  the  secondary  battery,  which  have  been  enumerated  in  th( 
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foregfCHiig  list  contain  m^tallif  zinc  as  oue  of  their  elemeotH,  and  it  is 
UBeful  to  note  that  in  every  cajw  the  terminal  of  the  cell  coooef^ted  to 
the  zinc  i«  the  nepitive  terminal,  that  in  to  aa;,  that  when  couue«te(l  in 
drcuit  Uie  current  will  flow  out  from  the  other  or  poiutive  tenninal  of 
the  cell  and  bock  Ofcaia  in  at  the  negative  or  rinc  terminal.  Aa  f ar  as 
the  Hriter  in  aware,  there  ia  no  primary  batterj  in  general  use  whii^li 
doi-H  not  contain  ziuc,  and  the  xine  in  always  tiie  negative  temiiniil. 

In  order  that  the  references  to  different  batteries  in  the  folloirin^ 
pages  may  be  intelligible,  it  in  necessary  to  briefly  describe  tie  varionB 
fomui,  biit  it  muHt  be  understood  that  the  only  essentials  in  a  given 
battery  are  the  nature  of  its  elements  and  its  ciciting  fluid  or  fluids ; 
the  Jukrtieular  arrangement  or  form  of  the  vcsstlA  containing  the  fluids, 
and  the  shape  and  poiuHun  of  the  elements,  may  be  varied   almost 
infloitely  to  obtain  certain  advantagcsof  pacldogot  cells,  or  portability, 
or  clieaput«H,  or  low  rewBtance,  or  the 
contrary    for  special   purposes.       In  a 
Daniell's  cell,  for  instance,  it  is  of  only 
minor  importance  whether  the  cell  is  flat 
and  rectungular,  or  cylindrical  in  shape, 
and    whether   tlie   amalgamnled   ziuc   is 
immersed  in  zinc  sulphate  solutian  con- 
tained in  the  porous  pot  with  a  copper 
sulphate  solution  outside,  in  wliich   the 
copper  is  plaoed,  (ir  the  reverse  arrange- 
meut  ia  adopted,  with  the  copper  plato 
inside  the  porous   pot    containing   the 
Fin.  2.-Ciipron  Element     solution    of    copper    sulphate,     whilst 
Cell  (Lalande  llattery).         the  zinc  is  outside  in  tlie  zioe  snlphale 
solution  ;    in  cither  case  the  e.  m.  f.   is 
the  same,  and  the  cell  is  a  Dauielt  celt. 

Primary  BattaHas. — The  Lalaude  (Cupron  element),  the  Dauiell, 
the  BuusCD,  the  Grove,  the  Leclanchf,  the  Smee,  the  Wollaston,  and 
the  Bichromate  cells  are  all  primary  batteries,  that  is  to  say,  they  are 
cells  which  give  an  electric  current  without  hanng  previously  had  an 
electric  current  passed  through  them  to  charge  them. 

TbaXialanda  Oall  (Cupron  element).-  Tliiscelt  {Fig.  z)  consists  of  two 
amalgamated  nliects  of  zinc,  which  together  form  the  negative  element, 
immemcd  in  u  solution  of  either  caustic  soda  (170  grams  of  commercial 
caustic  soda  per  litre]  or  caustic  potash  (228  grams  of  commercial 
caustic  potash  per  litre).  The  makers  state  thatcaustic  potash  or  soda 
solution  of  about  19°  to  Zl"  Beaiimc  is  employed.  The  positive  plate 
of  the  cell  is  formed  of  a  mass  of  cupric  oxide,  and  it  is  in  the 
mechanicHl  construction  of  this  plate  of  copper  oxide  that  the  patent 
for  that  form  of  Lalaode  cell  known  as  the  "  Cupron  element"  exists. 
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When  the  cell  is  first  put  up  it  has  an  e.  m.  f .  of  as  much  as  T'3  yolts. 
This  high  voltage  is  said  to  be  due  to  the  presence  of  oxygen  in  the 
gaseous  orm  present  with  the  cupric  oxide.  If  the  cell  is  short 
circuited  for  a  minute  or  two,  however,  the  volts  fall  rapidly  to  about 
0*82  volts,  and  ihea  remain  constant  at  this  value  imtil  the  cell  is 
completely  discharged,  that  is,  until  nearly  all  the  cupric  oxide  is 
reduced  to  metallic  copper,  when  the  volts  fall  to  slightly  uAder  07. 

After  complete  discharge  the  cupric  oxide  plate  is  regenerated  by 
removing  the  reduced  plate  from  the  cell,  washing  it  with  water  and 
leaving  it  in  a  dry  and  warm  place,  exposed  to  the  air  for  a  period  of 
20  to  24  hours.  If  a  temperature  of  80**  to  150^  Centigrade  is  em- 
ployed, the  copper  is  fully  re-oxidised  in  from  20  to  30  minutes.  The 
plate  can  then  be  replaced  in  the  battery,  and  the  cell  can  once  more  be 
used.  When  the  caustic  solution  is  exhausted,  a  yellowish-grey  pre- 
cipitate of  zinc  hydrate  is  thrown  down.  The  cell  can  be  worked 
after  this  precipitate  is  formed,  but  the  e.  m.  f.  is  no  longer  so 
constant  as  before.  The  exhausted  solution,  which  oonsiBts  of 
caustio  alkali  saturated  with  zinc  hydrate,  should  therefore  be 
removed  and  replaced  by  a  fresh  solution.  The  zinc  plates,  which 
must  be  kept  amalgamated,  must  from  time  to  time  be  cleansed 
from  the  grey  deposit  which  forms  upon  them. 

The  resistance  of  this  form  of  cell  is  extremely  low,  the  voltage  is 
very  constant  (see  Figs.  3  and  4),  and  as  it  gives  off  no  noxious  or 
corrosive  fumes,  it  may  be  used  in  any  room  without  any  difficulty  on 
that  acooimt.  The  cell  behaves  very  much  like  a  secondary  battery 
with  respect  to  its  discharge  voltagfe  curve.  When  it  is  not  being  used, 
all  chemical  action  ceases,  and  in  this  respect  it  is  far  more  perfect  than 
a  secondary  battery,  for  if  the  cell  is  kept  closed  up,  it  can  be  left  for 
months,  and  at  the  end  of  that  time  its  charge  is  as  large  as  at  the 
beginning.  The  zinc  consumption  is  from  1*25  to  2  g^rams  per  ampere 
hour.  The  consumption  of  alkali  is  about  6  grams  of  commercial  caustic 
potaijh,  or  four  grams  of  commercial  caustic  soda,  per  ampere  hour,  or  if 
the  chemically  pure  alkalies  are  employed,  the  consumption  is  only  half 
the  above  weights.  If  large  batteries  are  employed,  and  much  work 
done  with  this  form  of  cell,  the  alkaline  solutions,  when  saturated 
with  zinc  hydrate,  need  not  be  thrown  away,  as  is  usually  done  with 
the  smaller  batteries,  but  may  be  regenerated  by  means  of  the  addition 
of  a  suitable  quantity  of  sodium  or  potassium  sulphide,  according  to 
the  equation — 

Naa  H2O2  Zn  H2O2  +  Na2  S  =:  2  Na2  H3O2  -f-  Zn  S. 

Although  more  expensive,  it  is  rather  more  convenient  to  employ 
caustic  potash  than  caustic  soda  for  this  battery,  for  the  caustic  soda  in 
liable  to  form  crusts  of  sodium  carbonate,  which  creep  up  over  tlic 
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sides  of  the  cell  and  th(>  plat« ;  if  caustic  soda  is  used,  and  this  incrua- 
tation  is  observed,  it  must  be  removed  from  time  to  time. 

The  following  table  is  given  by  Messrs.  Umbreit  and  Matthes  of 
Leipzig,  the  makers  of  this  cell,  summarising  its  chief  important  points, 
Including  output,  weight,  dimensions  and  price  : — 


Type  of  evil. 
(Trado  numU'r). 


0-85 


Electro-motive  force  in  volts  .  j 

Terminal  potential  diflPerence  j 
when  normal  current  is  taken  J 
off I  o'78-o'82  , 

Terminal  potential  difference 
when   maximum   current    is  | 

taken  off '  o'yo-o'ys 

Normal  current  output  in  am- 
peres     

Maximum  current  output  in 
amperes 

Capacity  of  cell  in  ampfere 
hours 40-50 

Internal  resistance  of  cell  in 
ohms o'o6 

"Water  required,  in  litres  i'2 

Caustic  soda,  weight  required 
for  one  charge  in  lbs.    .    .    .        044 

Caustic  potash,  weight  re- 
quired for  one  charge  in  lbs.  .       o'66 

Number,  and  dimensions  of  the 
copper  oxide  plates  in  inches, 
approximate i  4*75X4) 

Length  of  cell  in  inches  ...         7*5 

Width  of  cell  in  inches     ...        2*25 

Height  of  cell  in  inches  ...         7-5 

Weight  of  cell  complete,  in  lbs.  3*3 

Price  in  German  marks  (i 
mark  =  i  shilling,  about) .    . 


II. 


0-85 


III. 


IV. 


085  0-85 


0-78-0-82  ;o78-o'S2  078-0'82 


o' 70-0*  7  5 

2 

4 
80-100 

003 
23 

0-88 
1*32 

I  (6  X  6) 

7-5 
35 
II 

5'82 


o"70-o-75  o"7o-o"75 

4  8 

8  16 

160-200    350-400 

o'ooi5     0*00075 
4*4  7 


i"67 
2-42 


33 
44 


2(6x6)    2(8X8) 
8        i       9 

5  55 

i^  I3'5 

ii"55         19*8 

16  27 


The  following  are  two  discharge  curves  of  a  No.  i  '*Cupron" 
element  with  a  nearly  constant  current,  whose  mean  value  =  1*55 
ampc^res. 

The  weight  of  sodium  hydrate  (conmiercial)  was  200  grams.  The 
external  resistance  between  the  cell  tc^rminals  zn  0-43  ohms.  The 
internal  resistance  of  the  cell  rr  o-o6  ohms.  The  mean  terminal  vol- 
tage during  discharge  =:  0*76  volts.    The  ampere  hour  capacity  :=  53*5. 


The  following  are  the  dweharffc  ciirve«  <ii  u  No.  i  "Ciipiroi" 
element  with  a  nearly  conHtant  current  of  mean  rulue  :=  o'i5  aruptres. 

TlieextfirDBlresi(rt«iice^5'34  ohiOH.  The  internal  resiBtanoe  ^  o-o6 
ohms.  The  mean  terminal  vo1ta^  zz  oSo  voltf.  The  ampere  hour 
capacitT  :=  bo.  The  weig'ht  of  Hmliiim  hydrate  employeil  vae,  of  uourxe, 
the  aame  ax  in  the  laiit  case  (Fi)r.  3]. 


.. TbuB  in  hsun     

Fig.  4.— Weftk  Current  DischarKe  Curve. 
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]>aiii«ll's  (Mil. — This  conaists  of  a  rod  of  amalgamated  zine  im« 
meraed  in  either  dilute  Hulphuric  acid  (eight  of  water  to  one  part  acid), 
or  a  dilute  nolution  of  zinc  sulphate  contained  in  a  pot  of  unglazed  and 
porous  porcelain.  This  pot  stands  in  an  onter  vesflel  of  glazed  earthen- 
ware containing  a  saturated  solution  of  copper  sulphate,  which  should 
contain  a  little  free  sulphuric  acid,  and  is  often  provided  with  a  shelf 
partially  immersed  in  the  liquid,  upon  which  crystals  of  copper  sulphate 
may  he  placed,  so  that  the  strength  of  the  copper  sulphate  solution  may 
he  preserved  in  spite  of  the  constant  removal  of  copper  from  it,  due  to 
the  action  of  the  cell.  A  sheet  of  metallic  copper  is  bent  round  the 
porous  pot,  and  stands  immersed  in  the  copper  sulphate  solution.  The 
cell  terminal  screws  are  attached  to  the  zinc  and  ox)pper  plates  respec- 
tively, the  zinc  being  the  negative  pole.  When  the  c<»ll  is  not  in  iwe 
for  some  time  the  porous  pot  should  be  lifted  out.  The  level  of  the 
zinc  sulphate  solution  or  sulphuric  acid  solutiou,  according 
to  which  is  employed,  should  be  kept  an  inch  or  so  a>)ovo 
the  level  of  the  copper  sulphate  solution.  This  cell  g^ves 
a  remarkably  constant  e.  m.  f .,  and  therefore  a  very  con- 
stant current.  It  does  not  polarise.  The  zinc  sulphate 
solution  gradually  gets  stronger,  and  must  from  time  to 
time  be  dihited  by  removing  some  of  the  liquid,  and  filling 
up  with  water,  or  dilute  sulphuric  acid.  The  copper  sul- 
phate solution  gets  weaker  in  copper,  and  its  strength 
must  be  kept  up  by  adding  fresh  crystals  of  copper  sul- 
phate, either  placed  on  the  shelf  described  above,  or  by 
Fig.  5.  suspending  a  muslin  bag  containing  crystals  immersed  in 
Daniell's  the  solution  near  the  top.  A  two-pint  cell  will  at  the 
Cell.  most  give  a  current  of  not  greater  than  about  J  ampere 

in  practice,  even  when  dilute  sulphuric  acid  is  employed 
with  Uie  zinc.  In  Fig.  5  is  shown  a  '^iew  of  a  Daniell  cell,  in  which 
the  outer  glazed  earthenware  pot,  described  above,  is  replaced  by  a 
solid  copper  external  pot  to  which  i«  attached  the  positive  terminal 
of  the  cell. 

I  have  been  at  some  pains  to  find  out  the  particular  form  of  Daniell 
cell  which  may  bo  most  cheaply  and  satisfactorily  made,  in  order  to 
ascertain  how  far  this  form  of  cell  will  compare  favourably  with  the 
Cupron  element  for  use  in  electro -plating,  more  especially  for  electro- 
silvering  and  gilding.  Mr.  F.  Lyne,  8ilver«niith  and  electro-plater, 
of  5,  Perry  Road,  Bristol,  has  sliown  me  a  Daniell  cell  which  he  uses, 
and  in  my  opinion  it  i«  as  cheap  and  serviceable  a  form  of  Daniell  as 
can  be  obtained,  and  I  am  indebted  to  this  gentleman  for  the  details  as 
to  cost,  etc.,  which  are  here  given.  The  outer  vessel  or  containing  pot 
of  the  cell  is  made  of  a  glazed  earthenware  cylindrical  vessel,  known  in 
the  pottery  trade  as  a  dyer's  pot,  it  has  a  capm'ity  of  about  four  gallons. 
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and  is  about  12  inches  high,  it  costs  four  shillings.  The  copper  ojlinder 
which  stands  inside  this  outer  pot  is  fourteen  inches  high,  and  is  made 
by  bending  up  a  rectang^ar  sheet  of  metallic  copper,  measuring  14 
inches  by  22  inches,  into  a  roughly  cyUndrical  form.  The  thickness  of 
the  copper  sheet  need  only  be  sufficiently  great  to  permit  it  to  stand 
stiffly  after  it  is  bent  up.  The  cost  of  this  copper,  -which  weighs 
roughly  about  3  lbs.,  is  about  two  shillings  and  threepence.  Inside 
the  copper  cylinder  is  placed  an  unglazed  or  porous  pot,  13  inches  high, 
and  having  a  diameter  of  about  5  inches.  These  porous  pots  cost 
twelve  shilling^  per  dozen.  The  zinc  element  which  stands  inside  the 
porous  pot  consists  of  a  cylindrical  rod  of  zinc  about  12  inches  long  and 
2  inches  diameter.  It  weighs'  about  8*5  pounds,  and  contains  8  pounds 
of  zinc  and  8  ounces  of  mercury.  The  mercury  is  added  to  the  molten 
zinc  just  before  casting,  but  this  addition  should  be  made  when  the 
zinc  is  very  nearly  cold  enough  to  solidify,  otherwise  most  of  the 
mercury  is  volatilized  and  lost.  The  addition  should  also  be  made 
under  a  chimney  hood,  so  that  any  mercury  vapour  formed  may  as 
far  as  possible  be  carried  off,  for  it  is  poisonous.  In  my  opinion  the 
mercury  can  be  more  easily  and  safely  added  to  the  molten  zinc  if 
beforehand  it  is  allowed  to  soak  with  about  a  pound  of  granulated 
zinc,  which  has  been  moistened  with  dilute  sulphuric  acid  (one  of  add 
to  three  or  four  of  water),  and  after  this  amalgamation  has  been  fairly 
completed,  and  the  acid  poured  off,  and  the  resulting  amalgam  thus 
obtained  washed  and  driedy  the  dried  amalgam  can  be  added  to  the 
remaining  melted  7  pounds  of  zinc,  at  a  moderate  temperature,  with  less 
danger  of  loss  of  mercury  by  volatilization.  In  any  case  the  mercury 
and  zinc  alloy  obtained  is  cast  into  rods  of  the  form  above  stated.  The 
cost  of  the  zinc  is  about  one  shilling  and  twopence,  and  the  mercury 
about  one  shilling  and  sixpence.  The  outer  glazed  pot  contains  a 
saturated  solution  of  copper  sulphate,  to  which  an  addition  of  about 
2*5  per  cent,  by  volume  of  sulphuric  acid  is  made,  and  an  equal  or 
rather  smaller  amount  of  nitric  acid.  The  amount  of  this  copper 
sulphate  solution  is  about  2^  gallons,  each  gallon  contains  about  2 
pounds  of  crystallised  copper  sulphate,  which  costs  about  twopence 
per  potmd.  The  solution  in  the  porous  pot  consists  of  dilute  sulphuric 
acid,  one  part  of  acid  to  ten  parts  of  water.  The  total  cost  of  the 
solutions  is  about  one  shiUIng  and  eightpence.  The  brass  terminals,  of 
which  one  is  soldered  on  to  the  edge  of  the  copper  plate,  and  the  other 
has  the  zinc  cast  on  to  it,  cost  about  one  shilling.  The  total  cost  of 
this  cell  is  therefore  about  fourteen  shillings  to  make  and  charge  com- 
plete. The  resistance  of  the  cell  is  slightly  under  075  ohms.  Six  of 
these  cells  in  parallel,  when  short-circuited,  g^ve  a  current  of  nine 
amperes.  The  e.  nu  f .  is  of  course  close  to  I'l  volts,  and  the  maximum 
current  one  cell  can  give  is  about  i  '5  amperes.    The  total  weight  of 
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thp  cell  Romplete  ih  over  50  poimdit.  Bjid  ita  output  la  lo»  than  Hut  of 
two  No.  I  Cupron  clementii,  which  have  in  wrieH  a  voltage  of  1  5  volts, 
and  give  a  cnrrent  of  about  i  5  amp^rett,  weigh  under  seven  ponnda 
ivmplcte,  have  an  iutemal  retuBtanre  (the  two  in  8erie«)  of  uitder  0*1 
ohma,  and  fmally  take  up  a  Kpuce  75  inches  high  tmd  about  7'5  k  5 
Rquare  inches  standing  room,  wh^reau  the  Daniell  cell  juat  deaciibed 
takes  up  a  space  of  about  144  square  inches  standing  room,  and  is  over 
13  inchea  high,  whilst  finaUy  the  Cupron  element  (yUa  oost  (iu  Ger- 
many) ten  ahillingH,  a*  agunst  a  coot  of  aliout  fourteen  Hhillings  for  Ote 
Daniel)  cell,  which  has,  however,  a  umidler  output.  There  can  there- 
fore be  little  doubt  as  to  which  h  the  niore  advantageous  cell  to 
employ. 

Bnw  Call. — The  Smee  Cell  conaisis  of  two  amolgoniated  tino 
ptat«e  Birangod  on  either  aido  of  a  thiu  sheet  of 
platinised  silver.  The  ziuca  are  roonwted  together 
to  the  negative  (enninal  of  Iho  cell,  and  the 
plutiiiietd  silver  is  coonected  to  the  positive  ter- 
minal. There  is  uo  poroun  pot.  oud  the  plates, 
which  are  supported  at  the  top  by  a  piece  of 
wood  or  ebonite,  to  which  they  uv  attached  by 
the  terminal  hiuding  acrewa,  are  aepurated  from 
one  auother  below  by  a  wooden  frame  or  distance- 
piece,  aud  the  whole  uf  this  arrangement  is 
immemed  in  dilute  sulphuric  acid  (eight  parts 
water  and  one  part  sulphuric),  which  is  contained 
in  an  external  ghuv,  or  glazed  earthenware  pot. 
A  form  uf  the  cell  is  showu  in  Fig.  b.  This  ceU, 
which  has  an  e.  di.  f.  varjiug  from  I  volt  to  0-5 
Fig.  6.  volt,  ban  a  low  internal  rcaistunce,  and  will,  for 

the   same   rize  of   positive   plalj>,   give  a  larger 
current  than  tho  Daniell,  but  the  current  is  iioHiiug  like  so  constant. 

Orova's  Cell. —This  cell  coutdBt*  of  uu  exti'mal  flat  pot  of  glazed 
eiirthenware  iuaidc  which  is  uuuther  i-ell  of  u  tumilur  Hha[ic,  but  mode 
of  jHiroiui  or  uuglazcd  porcelain.  A  flat  plato  of  zinc  in  bent  in  such 
a  fonn  that  the  porous  cell  may  be  placed  within  its  folds,  by  means  of 
which  ammgemeut  a  surface  of  ?inc  is  eiposed  to  each  side  of  the 
inner  cell.  A  plate  of  plutdniun  foil  is  inserted  in  tlie  porous  pot,  and 
is  of  sufficient  length  to  be  attached  to  the  projecting  end  of  the  zinc 
plate  of  the  neit  cell  (when  arranged  in  a  batteryl,  or  to  a  jiiece  of 
ebonite  or  piteh-ooated  wood  when  used  singly,  by  means  of  a  laud- 
ing screw  or  clamp.  The  inner  gioroaa  pot,  uontaiuiuK  the  platinum 
element,  is  filled  with  strongest  nitric  acid,  aud  the  uultr,  iu  which  the 
zinc  ill  [Jaced,  is  filled  with  dilute  6ulj>hnric  acid  ("lie  purl  sulphuric 
acid,  to  eight  yaxlu  wkt«rj.    In  ]<'ig.  ;,  ou  the  right,  is  snuu-u  u  cell  in 
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wbioh  A  a  ia  th«  bent  zinc  plate,  C  C  ore  th«  platinum  pUt«B  of  Q\» 
cell  and  the  next  one  to  it,  and  £  is  tbe  poroiiH  pot.  On  thp  left  of 
Rg.  7  IB  shown  a  batteiy  of  four  of  the  oelU  contained  in  one  common 
external  glazed  earthenware  cell  D,  tbe  alternate  zinca  and 
j^tinmna  being  oonneoted  \>y  braiw  clamps.  Tbie  cell  hiw  a  high 
e.  m.  f.  of  abont  \-<j  volte;  it,  however,  gradually  falls  when  a  current 
ia  generated,  owing  chiefly  to  the  weakening  of  the  nitric  acid  in  the 
porous  pot,  doe  to  tbe  chemical  action  taking  place.  The  cell  ban  a 
low  reustance,  and  will  give  a  larger  current  per  square  inch  of  jiositive 


Fig.  7.— Grove's  Cell. 

plate  thsA  eillieT  the  Daniell  or  the  Smee.  The  objectiona  to  tliie  cell 
are  chiefly  that  it  is  ezpenBive,  it  gives  oS  corrosive  and  unpleasant 
fumes,  and  the  nitric  acid  if  apilt  is  liable  to  do  much  damage  to  any 
Bubstance  on  which  it  falla. 

Bnnvan'a  0*11. — Thia  cell  is  precisely  HJiuilar  in  its  oonstitueuts 
to  the  Oroye  cell,  eicept  that  the  platiuiim  ia  replaced  by  gas  retort 
carbon,  which  therefore  makes  it  a  much  cheaper  form  of  cell.  Mr. 
Watt,  in  his  original  edition  of  the  preM^ct  work,  praincH  it  b8  being 
"one  a(  the  moat  useful  batteries  for  tlie  practical  purposes  of  the 
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electro -metaJlurgiHt."  One  form  of  thu  batttry  is  shown  in  Fig'.  8. 
Id  thiB  partirular  cell  the  outer  vessel  in  h  cyliudrical  stoneware  jai 
capable  of  boldiug  about  4  galkniB  (but,  of  couree,  amaller  celU  ore 
madej.  A  plute  of  stout  sheet  zinc  U  turned  up  in  the  form  of  a 
cylinder  -i,  and  this  is  well  amalganiated  with  mercury.  A  suitable 
binding'  screw  is  attached  to  this  cylinder  to  receive  the  conducting 
wire.  A  porous  cell  about  3  j  inches  in  diameter  ia  placed  within  tlie 
zinc,  and  in  thin  a  block  of  gaa  retort  carbon  ia  stood,  and  is  f  umialud 


Fig.  8.— Buiisen'sCell. 

with  a  suitable  clamp  B  for  attaching  a  eotidm-ling  wire.  The  porona 
cell  is  then  nearly  filled  with  strong  nitric  arid,  and  the  outer  vessel  is 
filled  to  the  same  height  with  dilute  sulphuric  acid— about  I  part  of 
arid  to  8  parts  of  water.  This  lattery,  like  the  Grove,  emits  noxious 
fumes,  and  mu«t  bo  kept  either  in  a  well -ventilated  cupboard  or 
outside  the  windows  if  there  are  any  substances,  such  as  metals,  ete., 
which  thew  fumes  mi^ht  damage  iu  the  room  in  which  the  current  is 
being  employed.  The  reason  that  a  n'lindrical  porous  pot  ia  employed 
in  this  battery  inntcad  of  the  flat  form  used  in  (lie  Qrove,  is  owing  to 
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the  fact  that  though  platiuum  U  cheapest  in  a,  fhin  plate  carbon  is 
most  eipenBiTe  aod  is  much  more  rcadil;  obtaiued  in  the  form  of  a 
rectangulBT  rod.  Theoarbou  rods  are  cut  fiom  retort  rorbou,  and  (his 
ia  sometimes  rendered  still  more  dense  bj  immeniiDg  in  sugar  solution 
lUid  then  heating  to  a  high  temperature  repeatedly . 
The  original  form  of  the  battery  aud  its  dinnected  parto  are  «hown 
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f'K  9 — BunBBn's  Cell. 


in   Fig.  9.     The  carbon  block  in  the  Bunnen  cell  is  more  or  leas 
porous,  and  absorbs  the  nitric  acid  in  which  it  in  immersed  by  capillary 
attraction,  io  the  same  manner  that  a  lamp  of  sugar  hucIch  up  tea  or 
other  liquid  into  which  one  end  ia  dipped.     This  acid  will  act  on  the 
braaa  clomp  shown  at  B.  Fig.  S,  but  to  prevent  this  the  outer  end  of 
the  carbon  may  be  made   hot    and  then  dipped 
into  hot  parafiin  wax ;  this  will  block  the  pores  at 
the  top,  but,  as  the  electricity  travels  along  the 
BoUd  carbon  and  not  throngh  the  pores,  if  the 
outside  of  the  block  is  scraped  free  from  paraffin 
the  clamp  can  be  screwed  on  and  good  metallic 
connection  obtained.     This  cell  slowly  drops  it« 
e.  m.  f.   like  the  Orove,   and  due  to  a  similar 

BlctaromaM  C«U.  —  The  bichromate  cell, 
I^.  10,  is  nsually  met  with  as  a  mnglo  fluid 
cell,  and  conusts  of  two  plattfl  of  gas  retort 
carbon  forming-  together  the  positive  element,  and 
placed  between  them,  but  not  touching  them,  ia  a 
single  plate  of  zinc,  which  is  the  negative  element  _  „i'^;  '°'  . 
..I        1.     ™n  ...        <■   ->  .  >    >  ,-  Bottle  form  of 

of  the  cell.   The  eiciting-  fluid  is  made  by  making  Bicbromata 

a  saturated  solution  of  potassium  bichromate  and  Batterv 

adding  to  10  parts  by  volume  of  the  solution, 
about  I   volume  of   strongest  sulphuric   acid.      The  acid  must  be 
added  gradually,   and  wiUi  constant  stimog,  or   the  heat  set   at 
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liberty  may  craok  tho  pflam  vessel  in  which  the  mixture  must  be 
made.  Tlie  zinc  plate  is  attafhod  to  a  brass  rod,  which  is  held  in 
position  by  a  thumb-screw.  When  the  battery  itt  not  in  use  this 
screw  muBt  be  slackened  and  the  zinc  raised  out  of  the  liquid  by 
means  of  the  rod,  and  must  be  held  in  this  raised  position  by  again 
tightening  up  the  thumb- screw.  When  the  battery  is  being  used  the 
zinc  must  be  lowered  and  the  thumb'tcrew  again  tightened.  The 
neglect  of  this  precaution  is  not  infrequently  a  cause  of  considerable 
trouble,  as  the  battery  will  then  give  no  current.  The  bichromate 
battery  has  a  high  e.  m.  f .,  which  is  fairly  constant,  but  in  time  falls, 
owing  to  the  chemical  alteration  of  the  exciting  fluid.  The  exciting 
fluid  is,  when  fresh,  of  a  dark  orange  colour,  but  becomes  after  it  has 
been  used  of  a  darker  and  darker  brown,  and  then  g^reenish  brown 
colour,  and  finally  quite  dark  green;  before  this  complete  change 
takes  place,  however,  the  e.  m.  f .  of  the  cell  will  have  fallen  con- 
siderably, and  the  solution  should  be  renewed.  As  the  solution  is 
altered  it  deposits  hard  dark-coloured  crystals  of  potassium  chrome 
alum,  which  must  be  removed  from  time  to  time.  The  chemical  action 
in  the  battery  goes  on  whether  it  is  being  used  or  not,  if  the  zinc  is 
immersed  in  the  solution,  and  it  is  on  this  account  that  the  zinc  plate 
is  so  made  that  it  can  be  rcadUy  withdrawn  directly  the  cell  is  out  of 
use.  The  resistance  of  a  bichromate  cell  is  low,  and  it  will  give 
about  as  large  a  current  as  a  Bunsen  cell  for  the  same  area  of  the 
positive  element  immersed  in  the  exciting  fluid.  A  double  fluid 
bichromate  battery  is  also  made,  in  this  the  carbon  plate  is  placed  alone 
in  the  bichromate  solution  and  the  zinc  element,  which  must  now  be 
amalgamated,  is  placed  in  a  separate  porous  pot  with  dilute  sulphuric 
acid  (one  volume  of  concentrated  acid  to  ten  of  water).  In  this  form 
of  the  cell  the  zinc  need  not  be  withdrawn  when  the  cell  is  not  in 
use,  but  if  it  is  to  remain  out  of  use  for  some  time  it  is  better,  as  in 
tho  Daniell  cell,  to  remove  the  porous  pot  and  its  contents  until  the 
cell  is  again  required.  One  marked  advantage  of  the  bicliromate 
cell  over  other  cells  having  high  e.  m.  f .  is  due  to  the  fact  that  it  does 
not  give  off  corrosive  fumes. 

The  :Leelanelie  OelL— This  battery  consists  of  a  positive  carbon 
element  surrounded  by  some  paste  or  conglomerate  of  manganese  dioxide 
and  carbon.  The  carbon  plate  and  its  surrounding  carbon  and  man- 
ganese composition  stands  in  a  solution  of  ammonium  chloride,  which  is 
kept  nearly  saturated.  The  solution  flows  freely  through  the  porous 
pot  into  contact  with  the  carbon  plate  and  its  surrounding  manganese 
dioxide,  the  cell  being  a  single  fluid  cell.  The  negative  element  of  the 
cell  iu  a  zinc  rod.  This  cell  gives  off  no  objectionable  fumes,  and  has 
a  maximum  e.  m.  f .  of  i  '43  volts  about,  but  after  use  for  a  short  time 
it  polarises,  and  its  voltage  falls  considerably ;  if  allowed  to  remain 
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idle,  however,  for  a  Rhort  time,  it  quite  recovers  its  original  o.  m.  f . 
The  exciting  liquid  is  but  slightly  poisonous,  due  to  the  zinc  which 
dissolves  in  it,  and  it  is  non-corrosive ;  it  is  not,  however,  very  suitable 
for  any  electro-plating  work.  All  the  many  forms  of  what  are  known 
as  dry  cells  are  variations  on  the  Ledanche  cell,  in  which  the  ammo- 
nium chloride  solution  is  made  into  a  thick  paste  with  some  inert 
powder,  such  as  plaster  of  Paris,  mixed  with  some  calcium  chloride. 

ilinalgamatton  of  Sine  Flatos. — If  a  plate  of  ordinary  commercial 
metallic  zinc,  containing  perhaps  2  per  cent.  orjM)  of  impurities,  is  placed 
in  dilute  sulphuric  add,  it  immediately  commences  to  dissolve,  large 
quantities  of  hydrogen  gas  being  given  off  at  its  surface,  and  zinc 
sulphate  is  formed  which  dissolves  in  the  liquid.  This  chemical  action 
is  due  to  what  is  called  loaU  aetum^  caused  by  the  presence  of  the  im- 
parities in  the  zinc,  for  if  these  are  removed,  and  quite  pure  zinc,  - 
obtained  by  distillation,  is  used  instead  of  the  impure  commercial  zinc 
no  such  chemical  action  occurs,  or  at  any  rate  it  is  extremely  slow. 
Perfectiy  pure  zinc  may  be  employed  as  one  of  the  elements  of  any 
electric  battery,  and  the  battery  will  act  perfectly,  but  when  not  in  use 
the  corrosion  of  the  zinc  will  cease.  The  cost  of  this  pure  zinc  is,  how- 
ever, very  high,  and  it  has  been  found  that  if  the  surface  of  impure 
commercial  zinc  is  coated  with  a  sheet  of  mercury,  or  rather  an  amalgam 
of  zinc  and  mercury,  the  e.  m.  f .  of  the  battery  is  not  affected,  and 
the  battery  acts  as  satisfactorily  as  before,  but  the  local  action  is  com- 
pletely stopped,  and  when  the  battery  is  not  being  employed  to  give 
current  the  zinc  does  not  dissolve.  The  coating  of  the  zinc  plates 
with  mercury,  or  amalg^amation  as  it  is  termed,  is  perf  oimed  by  rubbing 
the  plate  with  a  rag  tied  on  to  the  end  of  a  stick  in  a  little  dilute  sulphuric 
acid  (one  of  add  to  ten  of  water),  which  may  conveniently  be  placed  in 
a  deep  saucer,  and  at  the  bottom  of  the  saucer,  under  the  add,  must  be 
placed  a  little  mercury,  which  must  be  pushed  up  over  the  add-cleaned 
zinc  plate :  the  mercury  will  be  found  to  wet  the  zinc,  and  leave  it 
with  a  bright  silvered  surface  of  zinc  mercury  amalg^am.  Only  the 
smallest  amount  of  mercury  possible  to  thus  completely  silver  over  the 
plate  must  be  employed,  as  an  excess  of  mercury  merely  causes  the 
plate  to  become  rotten.  When  in  use,  if  blackish  spots  appear  on  the 
zinc  plate  it  must  be  again  further  amalgamated.  The  mercnry 
employed  for  amalgamating  must  be  kept  by  itself  in  a  separate  jar  or 
bottle,  as  it  contains  dissolved  zinc,  and  must  be  on  no  account  mixed 
with  mercury  it  is  desired  to  keep  pure.  Dirty  or  blackish  zinc  plates 
are  conveniently  scrubbed  with  a  flat  piece  of  pumice  before  amal- 
gamating. 

IKaiiASOTiMiit  of  Vtlmarsr  Batt«ri«s. — ^The  screws  and  connections 
must  be  kept  scrupulously  clean,  and  the  zinc  plates  must  always  be 
properly  amalgamated.    The  solutions  in  the  battery  must  be  renewed 
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from  time  to  time,  as  they  are  seen  "by  inspection  to  be  becoming  nm 
down,  or  if  the  cell  does  not  act  snflBciently  energetically.  Another 
frequent  canno  of  a  battery's  failnre  to  act  is  the  contact,  however 
slight,  of  one  of  the  elements  with  the  other  inside  or  outside  iho 
liquid,  an  accident  which  is  known  as  a  short  circuit.  A  loose  or 
corroded  attachment  between  the  battery  terminals  and  the  active 
elements,  or  a  loosely  screwed  up  wire  in  the  terminal  may  also  rause 
the  battery  to  cease  to  work  entirely.  In  Bunsen  batteries  the  upper 
ends  of  the  carbons  and  ihe  brass  clamps  should  be  coated  with  varnish 
after  they  have  been  screwed  up,  in  order  to  avoid  action  on  the  brass 
by  the  nitric  acid. 

The  copper  plates  of  the  Wollaston  and  the  nlver  plate  of  the  Smce 
batteries  must  be  kept  clean,  and  if  accidentally  spotted  with  mercury 
from  contact  with  the  amalgamated  zinc  plates,  the  sheet  of  metal 
should  be  heated  in  a  flame  to  expel  the  mercury,  and  then  should 
be  pickled  in  dilute  sulphuric  acid,  and  scoured  after  rinsing.  Tho 
zinc  elements  in  Daniell  cells  should  not  be  permitted  to  touch  tho 
porous  cells  at  the  bottom,  or  a  deposit  of  copper  may  take  place  both 
inside  and  outside  the  cell  and  render  it  useless.  Porous  cells  often 
crack  from  this  cause.  When  porous  cells  have  been  used,  and  are  laid 
aside  until  again  required  for  use,  they  should  first  be  well  rinsed  in 
rain  or  distilled  water,  and  then  filled  with  distilled  water.  They 
should  never  be  allowed  to  become  dry,  or  otherwise  any  sulphate  of  zinc 
or  copper  remaining  in  their  pores  wiU  crystallise,  and  probably  in  so 
doing  crack  the  pot  in  many  places.  If  when  a  porous  pot  is  removed 
from  a  Daniell  ceU,  in  which  the  acid  is  weak  or  is  entirely  replaced 
by  zinc  sulphate,  it  is  rinsed  out  and  stood  in  hard  water,  that  is  water 
containing  calcium  carbonate,  a  green  dex)08it,  or  precipitate  of  cuprio, 
and  lime  carbonates  will  be  formed  in  the  pores  of  the  pot,  and  this 
deposit  will,  in  the  course  of  lime,  very  greatly  increase  the  resistance 
of  the  cell.  If  distilled  water  or  very  soft  water  is  used  this  trouble 
will  not  occur,  but  if  hard  wat^  is  the  only  available  variety,  it  should 
be  slightly  acidified  with  sulphuric  acid  before  it  is  poured  into  the 
cell,  and  the  cell  and  contents  stood  in  a  sink,  then  the  slow  oozing  of 
the  acid  water  through  the  cell's  pores  will  remove  the  copper  and  ano 
salts  without  precipitating  them.  If  a  cell  whose  resistance  has  been 
raised  by  the  deposit  of  the  basic  carbonates,  as  described  above,  is 
washed  or  soaked  in  dilute  sulphuric  acid,  it  is  often  found  that  the 
cell  becomes  cracked  all  over  and  perfectly  useless,  caused  by  l^e 
chemical  action  which  is  set  up  in  its  pores. 

Belative  Activity  of  Primary  Batteries. — The  following  experi- 
ments roughly  indicate  the  relative  activity  of  different  kinds  of 
primary  batteries.  The  zinc  plates  were  the  same  in  each  battery,  and 
in  each  battery  the  positive  plates  had  double  tho  area  of  the  zinc 
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plateB,  and  there  was  in  each  case  the  same  distance  between  the 
positive  and  negative  plates.  The  currents  obtained  for  each  battery 
BO  arranged  were  passed  through  solutions  of  copper  sulphate  of  the 
same  strength,  with  the  electrodes  of  copper  of  the  same  tdzc  and  equal 
distances,  each  during  the  period  of  one  hour.  The  following  results 
were  obtained : — 


Grove  battery  . 
Daniell  battery . 
Smee  battery  . 
Wollaston  battery 


104  grains  of  copper  deposited. 


33 

22 

18 


11 


II 


OonataiMy  of  Battertos. —  The  activity  of  most  batteriet  gradually 
alters  if  they  are  left  unadjusted,  so  that  one  kind  of  battery  may  be 
useful  for  a  short  period,  and  another  kind  if  the  action  is  to  be  sus- 
tained for  any  length  of  time.  This  is  illustrated  by  the  following 
table,  showing  the  weight  of  copper  deposited,  the  conditions  being 
the  same  as  in  the  last  experiment : — 


One 

Two 

Three 

Four 

Five 

Six 

hour. 

hours. 

hoars. 

hours. 

hours. 

hours. 

Grove  battery 

104 

86 

66 

60 

54 

49 

Siagle-cell 

62 

57 

54 

46 

39 

29 

Daniell     .    . 

33 

35 

34 

32 

32 

30 

Smee    .    .    . 

22 

16 

14 

ZI 

12 

II 

Wollaston 

x8 

14 

J5 

12 

IX 

10 

45 
24 
31 
10 
10 


464  RTS 

311 
227 

96 
90 


II 


II 


II 


In  a  second  experiment  of  a  similar  nature,  larger  plates  were  used  in 
the  batteries,  and  proportionately  larger  electrodes  in  the  copper  sul- 
phate solution,  and  each  battery  was  kept  in  action  until  one  pound  of 
copper  was  deposited,  the  acid  being  renewed  and  the  zincs  brushed 
every  twenty-four  hours.  The  time  taken  to  effect  this  is  shown  in 
the  following  table : — 


Grove  battery  . 

19}  hours. 

Smee  battery 

.    147  hours. 

Single-cell 

•    45       M 

Wollaston 

•    151       „ 

Daniell 

•    49       II 

I. — These  useful  and  necessary  appliances  are 
usually  made  from  cast  brass,  and  may  be  obtained  in  a  great  variety 
of  forms.  A  few  examples  are  shown  in  the  accompanying  engrav- 
ings. Fig.  1 1  is  used  for  connecting  the  platinised  silver  of  a  Smeo 
battery  to  the  wooden  cross-bar,  or  for  casting  in  zinc  bars  for  Daniell'ii 
battery;  Fig.  12  is  used  as  a  connection  for  a  zinc  or  flat  carbon 
plate ;  Fig.  13  is  a  binding  screw  for  zinc  plates,  or  for  the  cylinders 


22 


PRIMARY  AND  SECONDARY  BATTERIES. 


of  a  Bunsen  battery ;  Fig.  14  is  for  uniting  the  poles  of  dynamos  with 
leading  rods:  Figs.  15  and  17,  are  for  connecting  flat  copper  bandB  to 


Fig.  II. 


Fig.  12. 


Fig.  13. 


Fig.  14. 


zinc  and  platintiin  plates,  ae  in  Grove's  battery:  Fig.  16  is  a  clamp 
for  large  carbon  blocks,  for  uniting  the  zincs  of  a  Smee,  or  the  copper 
plates  of  a  WoUaston  battery. 


Fig.  15. 


Fig.  16. 


Fig.  17. 


General  lUmarka  on  Primary  Battoriea. — With  the  exception  of 
the  '*Cupron  element,"  primary  batteries  require  much  more  care 
and  attention  to  keep  in  proper  working  condition  than  any  other  form 
of  generator.  Their  reeistance  is  as  a  rule  large,  and  varies  with  their 
output,  and,  as  lias  just  been  shown,  their  activity  diminuhcs  very 
seriously  with  the  time  they  are  left  iu  circuit.  The  ordinary  forms  of 
primary  batteries  are  therefore  ou  all  grouudts,  iucluding  cost,  Uie  least 
advantageous  form  of  source  of  e.  m.  f .,  and  sliould  if  possible  never 
be  employed  for  electro -technical  work  ;  and,  imless  already  possessed 
by  the  experimenter,  the  writer  strongly  advises  him  not  to  purchase 
them,  but  either  to  invest  in  some  form  of  the  Lalande  or  *^  Cupron 
element,"  cell,  or  in  a  dynamo  or  secondary  battery,  according  to  the 
circumstances  of  the  work  it  is  desired  to  undertake,  a  discussion  of 
which  considerations  will  be  found  at  the  end  of  the  next  chapter. 

Secondary  Batteries. — Secondary  batteries,  which  are  made  in  a 
large  number  of  diifercnt  forms,  always  consist  (at  least  in  all  forms 
used  commercially  up  to  the  present)  of  a  negative  element  of  metallio 
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lead  and  a  posLtiTe  element  of  lead  peroxide,  sapported  on  lome  f onn  of 
lead  frame- work.  There  is  always  one  more  negatiye  plate  than  the 
nmnber  of  positive  plates  present  in  a  cell.  The  exciting  flnid  is  a 
solntion  of  snlphnric  acid  in  water,  having  a  specific  gravity  which 
varies  from  1*170  when  the  cell  is  discharged,  np  to  I'2I5  when  it  is 
folly  charged. 

llie  voltage  of  a  secondary  hattery,  when  fully  charged,  should  he 
2*2  volts,  measured  whilst  the  cell  is  giving  a  discharge  current  of 
about  half  its  normal  charging  current,  and  the  cell  may  be  used 
without  re-charging  until  its  voltage  drops  to  not  lower  than  I  '8  volts, 
measured  whilst  the  cell  is  giving  a  disc^harge  eun.'ent  of  about  half  its 
normal  charg^g  current. 

The  voltage  of  a  secondary  battery  is  for  all  practical  purposes  very 
constant,  and  during  the  greater  part  of  its  discharge  is  very  dose  to 
2  volts.  The  resistance  of  a  secondary  cell  is  very  much  lower  than  that 
of  any  other  form  of  cell  of  equal  current  output.  The  current  output 
of  any  cell  is  always  stated  by  the  maker,  but  in  each  case  the  actual 
current  output  at  which  the  cell  is  run  must  depend  upon  the  number  of 
hours  during  which  it  is  required  to  be  used ;  for  instance,  a  single  plate 
'*  Chloride  "  secondary  battery,  manufactured  by  the  Chloride  Electrical 
Storage  Syndicate  of  Clifton  Junction,  Manchester,  which  costs  well 
under  twenty  shillings  complete,  may  be  discharged  for  one  hour  at 
the  rate  of  30  amperes,  but  if  it  is  wished  to  run  it  for  three  hours  only 
15  amperes  must  be  taken  from  it,  whilst  for  a  six  hours  discharge,  the 
rate  may  only  be  9  amperes,  and  if  discharged  at  a  imif orm  rate  for 
nine  hours,  the  current  taken  out  must  not  be  greater  than  6}  amperes. 
The  normal  charging  current  for  this  cell  is  stated  to  be  8  amperes,  and 
the  wmxiinnTn  charging  current  must  not  be  greater  than  15  amperes. 
A  six-plate  cell  of  this  type  is  shown  in  Fig.  18,  and  Figs.  19  and  20 
give  views  of  the  negative  and  positive  plates  respectively ;  Fig.  2 1 
gives  a  view  of  three  of  the  Electric  Power  Storage  Company' h 
secondary  cells  arranged  in  series  on  a  Htuud.  This  particular  size 
contains  five  positive  plates.  When  the  voltage  of  a  secondary 
battery  cell  has  fallen  to  1*8  volts,  as  measured  by  a  voltmeter 
whilst  the  cell  is  discharging  at  the  rate  of  about  one  half  its 
normal  charging  current  (that  is  to  say,  in  the  chloride  cell  wo  have 
been  considering  above,  whilst  the  cell  is  discharging  at  the  rate  of 
about  4  amperes),  the  cell  must  not  be  used  any  more  until  after 
re-charge,  otherwise  it  will  be  more  or  less  permanentiy  damaged. 
The  cell  can  be  re-charg^,  however,  and  when  its  voltage  has  risen  to 
about  2*2  (as  measured  with  the  discharge  current  stated  above),  it  is 
completely  re-charged,  and  can  be  used  again  and  again  imder  these 
conditions,  with  alternating  charge  and  discharge,  for  a  very  long  perioil 
if  proper  care  is  taken  of  it.    The  chief  necessary  precautious  which 
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must  bo  taken  in  order  to  keep  u  Kcondary  oAl  in  good  condition  axe 
SB  foIlowK  :— 

I.  Never  leave  the  coll  for  onf  tang  period  in  the  duchorged,  <a  onlj' 
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partinUy  charged  oondition.  That  19  if  it  becomes  ncccmaiy  to  Isave  U 
without  diacharging  it  for,  its.j,  a,  week,  sec  tbut  it  ie  charged  Dp  folly 
to  begin  Tith,  and  diaconnect  all  Icodit  from  it  in  order  that  any  leak- 
age may  be  as  much  aa  poiwible  reduced. 

2.  Never  diacharga  below  the  voltage  limit  of  i'8,  meainiredas  eped- 
Bed  above. 


Fig.  19.— Single  Negative  Flatti  ut  Chloride  Secondary  Cell. 

3.  Kever  allow  the  acid  in  the  cell  to  evaporate  below  the  top  edgee 
of  the  battery  plates.  The  acid  in  a  cell  always  teudx  to  decrease,  due 
partly  to  evaporatdon,  and  partly  to  what  iscalled  spraying.  Spraying 
is  the  name  given  to  the  ^pray  curTied  off  by  the  hydrogfen  and  oxygen 
gascH  liberated  in  the  hquid  when  the  cell  is  charged,  and  is  eHpeciall; 
noticcabli!  tuwurds  tho  end  of  the  churgo.  In  order  to  replace  euch 
loBt  acid,  the  cell  must  from  time  to  time  be  flUed  up  with  either  dis- 
tilled water  or  rain  water,  until  the  level  of  the  liquid  is  about  one  to 
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one  and  a-half  inches  above  ihe  top  of  tbe  edges  of  the  plates.  As  water 
has  a  leso  demdty  thaa  the  acid  liquid  in  the  uelia,  the  added  water  will 
tend  to  Temaiu  as  a  layer  at  the  top  of  tbe  oell,  floating  upon  the 
underlying  denser  acid.  This  weak  acid  at  the  top  tends  to  damage 
the  tope  of  the  plates,  and  it  is  therefore  u  good  practice  to  mix  the 
liquid  in  the  cell,  aifer  adding  the  water,  by  blowing  through  a  glass 
tube,  pushed duwn  to  the  bottom  of  the  cell,  and  having  a  piece  of  india- 
rubber  tubing  attached  to  it  for  a  mouth-pieue. 


Fig.  20.— Single  Pofiilive  Plate  of  Chloridt  Secondary  Cell. 

It  isi  perhapH  hardly  iiecexHory  to  caution  the  rriuler  aguinirt  getting 
the  acid  into  the  mouth  :  the  result  will  be  diMigreeable  in  Uie  Mgheat 
degree.  As  the  spraj-ing  of  the  acid  liquid  removes  not  only  water 
but  acid,  and  a»  the  directions  above  given  for  the  making  up  the  loss 
only  involve  the  udditjon  of  water,  it  is  clear  that  the  acid  liquid  in 
the  cell  muHt  trradually  become  weaker  :  this  w-cukcning  oertaiDly  does 
occur,  but  only  slowly,  iind  when  it  becomes  detcctablo  sufiicicnt  frceh 
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Butd  mnst  be  added  to  make  good  the  loea.  To  do  this  it  is  kdiluible 
to  ]ieep  a  mi^ititre  of  about  3  pnrts  hj  volume  of  aulphnriu  acid 
{».  g.  ^  I  85)  with  5  parta  by  volume  of  distilled  water  or  rain  watpr. 


Thin  mixture  hoe  »■  specific:  gravity  of  about  I-2S,  and  Hh(D  the 
gravity  of  tlie  iicid  in  the  Minndory  cell  i"  fmiuii  ininiediiiU  Ij  attor  a 
full  charge  to  be  ua  low  lu  ilij,  the  otluugcr  uuil  wlutiuu  uiunt  be 
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added  ^rraduBUy,  a.  little  at  a  time,  uDtit  the  strength  of  the  acid  m 
the  cell  rises  t«  I  1 1  once  more. 

4.  Never  remove  the  negative,  or  lead  {that  is  the  grey-look ingj 
p1at«e,  from  their  acid  mlution,  or,  at  any  rate,  do  not  let  this  be  done 
for  more  than  a  very  diort  period  when  it  becomes  necesaarj,  aa  is 
Boiiu!tiuit.-9  the  cane,  to  straighten  plates  dSLtnaged  by  accidental  short 
circuit  or  other  cause. 

5.  The  positive  or  reddiah-choooUte  coloured  platea,  mayberemoTed 
from  the  acid  safely  when  necessary,  but  should  not  be  left  out  longer 
than  can  be  helped.    No  attempt,  however,  must  be  made  under  any 

i,  unless  the  cell  has  already  been  accidentally  completely 


Fig.  21.— K.  P.  S.  Portable  Q  Type  Secondary  Battery.  (Id  the  particular 
battery  shown  here  four  separate  cellsare  connected  ia  seiies,  each 
separate  cell  hftving  three  positive  pUtes.) 

Bhort  circuiled,  to  remove  either  the  positive  or  negative  plates  from  a 
cell  whiltit  it  contuns  acid,  otherwise  a  serione  short  circuit  will  aJmoHt 
certaiuly  occiu-.  The  best  mithod  of  taking  to  pieces  and  overhauling 
a  cell  will  be  mentioucd  later  on. 

6.  Be  very  [^aref ul  to  see  that  uu  leakage  occoth  ontade  the  cell  from 
the  punitive  to  the  negative  terminal,  a  conunoii  but  often  unnoticed 
cause  of  leakage  L"  the  acid  noaked  wooden  cover  of  tlie  portable  or 
enclosed  form  of  t<ccondary  battery.  A  partly  diiwectcd  Wow  of  a 
portable  E.  P.  S.  secondary  cell  is  shown  in  Fig.  12.  Do  not  have  a 
metallic  liandlc  on  the  lid  of  nihIi  n  coll,  or  if  it  is  plaoed  on  the  cell  by 
the  uakcT:',  iu-\l  tliciu  to  remove  it  and  place  metallic  handles,  one  on 
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each  of  the  eddes  of  the  cell,  and  have  a  sufficiently  strong*  leather  sling- 
handle  soaked  in  paraffin  wax  attached  to  these.  Thin  slin^-handle 
mnst  be  large  enough  to  }>ermit  of  its  being  readily  pushed  on  one  side 
to  allow  the  cover  of  the  cell  to  be  removed  when  desired. 

7.  Be  very  careful  that  in  charging  a  cell  you  connect  the  positive 
pole  of  the  cell  to  the  positive  pole  of  the  charge  apparatus,  and 
Uie  negative  to  the  negative.  The  polarity  of  the  terminals  can 
readily  be  found  by  inspection,  for  the  positive  terminal  is  attached  to 
the  lead  peroxide  plate,  which  has  always  a  more  or  less  marked  dark 
chocolate  colour,  whilst  the  negative  is  of  a  darker  or  lighter  cool  grey 
colour.  In  cells  which  are  fitted  with  covers,  however,  the  error  of 
mistaking  the  polarity  is  rather  easily  made  if  care  is  not  taken  when 
the  lid  is  replaced  after  inspection  or  adjustment,  for  the  lid  of  these 
o  Us  has  the  polarity  marked  upon  it,  and  it  is  sometimes  not  marked  on 
the  emergent  lugs  of  the  plates ;  consequently  if  the  lid  is  placed  on  in 
reverse  position  the  poles,  as  judged  by  inspection,  are  apparently 
the  reverse  of  what  they  really  are ;  this  difficulty  can  be  got  over  by 
never  allowing  anyone  but  a  reliable  and  responsible  person  to  remove 
the  cover  of  the  cell. 

8.  Do  not  short  circuit  the  cell,  that  is  do  not  place  a  very  small  or 
zero  resistance  between  its  poles ;  the  cell  will  under  these  circumstances 
g^ve  a  very  large  current  and  will  thereby  have  its  useful  life  much 
shortened.  Some  people  make  a  practice  of  what  is  called  sx)arking 
a  cell,  that  is,  rapidly  drawing  a  wire  attached  to  one  terminal  over 
the  other  terminal  of  the  cell  in  order  to  see  if  a  spark  is  given.  This 
spark  is  taken  to  indicate  by  its  brightness  the  more  or  less  complete 
charge  of  the  cell.  The  proper  test  to  use  to  ascertain  this,  is  a  small 
oell-testing  voltyieter.  Such  an  instrument  costs  only  about  thirty 
shillings,  it  need  not  read  to  higher  than  about  3  volts,  and  should 
read  with  an  accuracy  of  not  less  than  0*2  volts  per  division.  A  good 
pocket  instrumeijb  of  this  kind  (Fig.  23)  is  put  on  the  market  by 
O.  Berend  &  Co.,  Dunedin  House,  Basinghall  Avenue,  London,  E.G., 
and  good  forms  are  made  by  many  other  manufacturers  of  elective al 
instruments. 

If  by  any  accident  any  material  of  any  kind  falls  in  between  the 
plates,  if  it  is  made  of  a  conducting  substance,  it  will  probably  produce 
a  short  circuit,  and  the  cell  must  be  taken  to  pieces  to  remove  it.  If, 
however,  it  is  not  of  a  conducting  material  and  it  is  desired  to  remove 
it,  a  rod  of  wood,  glass,  or  other  non-conducting  material  must  be 
employed  to  fii^  it  out.  A  rod  of  conducting  material  must  on  no 
account  be  introduced  between  the  plates  of  a  charged  cell  for  any 
purpose  whatever. 

9.  To  keep  cells  in  good  condition  it  is  very  advisable  to  rule  out  a  book 
in  columns,  two  columns  to  each  cell,  one  for  the  volts  3nd  the  other 
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(or  thp  Hjipoific  gravity,  and  record  the  voltage  ot  esi>li  eell  (ineamired 
witli  the  prccautiuuK  already  Htated)  and  the  Rprcific  gravity  of  itH 
BolutioQ  about  twi™  a  week.  Sueh  a  record  iK  most  lutf-ful  for  reference 
aod  xhnn'N  at  a  pflance  the  eonditionn  of  the  eellit.  The  apeciflc  gravity 
or  tlie  iiolutiou  Khould  1a>  taken  by  means  of  a  hydrometer  {Fig.  24) 
such  an  in  nold  hy  moKt  i«]1  inflniifarluror>>  at  a  price  of  about  two  or 
three  shilliu>rN  iiu;h.    In  many  small  seeondary  battdieo  it  i«  iropoadble 


Fig.  23.— Portable  "  Pocket  Form  "  of  Cell- Testing  VoHmeter. 

to  use  a  hydrometer  directly  in  the  liquid  of  the  cell,  as  there  is  no 
room  for  it ;  under  these  cireuiastanceii  a  nufficient  quantity  of  the 
liquid  should  be  carefully  withdrawn  from  the  cell  by  means  of  a 
pij*tle  ajid  traDBteired  to  a  cylindrical  tube  of  Bufficicnt  length  and 
width  to  pcnnit  the  hydrometer  to  float. 

10.  Great  care  should  be  taken  to  prevent  any  copper  or  braee 
material  (an,  fur  inBtiince,  aalts  and  oxides  from  oorroded  connecting 
screws)  from  fulling  into  the  ballery  acid,  aa  the  presence  ot  Balls  of 
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Popper  and,  indeed,  moirt  other  sii>»taiice<i,  have  a  vpry  prFJudinal 
effect  upon  the  battery  action,  und  ilU  pcnwible  noarces  of  i*oiitaniJnatioD 
nhould  bo  ax  far  aa  puwiblo  aroided. 

II.  All  conneetionH  tn  the  battery — in,  for  inntancr, 
bmwi  bolts,  nuts,  waabers,  etc.- — must  be  kept  carefully 
clean,  and  when  in  uac  mast  be  tightly  screwed  up. 
Do  not  clean  up  the  metal  parte  whilst  they  are  in  pota- 
tion over  the  acid,  for  it  may  thereby  be  contunuaated. 

If  the  secondary  battery  is  necessarily  to  be  carried 
about  B8,  for  instance,  when  it  has  to  be  charged  up  on 
other  premises,  it  is  adviuable  to  purchase  a  portable 
form  of  battery,  but  if  the  battery  can  be  charged 
whilid;  in  a  Sx<d  position  it  is  better  not  to  purchase  a 
portable  form  of  cell.  Quite  apart  from  the  fact  that 
portable  celln  are  liable  to  damage  somewhat  with  car- 
riage, the  non-portable  type  gives  a  better  cell,  for 
there  is  better  insulation  and  therefure  Ims  liability  of 
leakage,  which  is  itwlf  a  very  fruitful  source  of  de- 
terioration in  a  cell. 

BnckUns   of   0«11   PlatM. — If   a  wcondary  cell   is 
badly  short  circuited,  or  if  discharges  are  taken  from  it 
which  are  above  itn  proper  capacity,  the  plaCex  arc  liable 
to  buckle  or  liend,  and  the  paste  or  plugs  of  peroxide  of 
lead  may  fall  out,  and  either  or  both  of  these  accidents 
may  completely  short  circuit  a  cell  internally.      This 
will  become  evident  by  the  fact  that  the  voltage  of  the 
cell  reads  zero  on  the  voltmeter  and  the  cell  will  give  no 
cnirent,  nor  can  it  be  charged  up  so  us  to  yield  a  current. 
Under  these  drcumstanccs  it  is  absolutely  necessary  to 
take  the  cell  to  pieces  and  bend  the  plati'S  straight  once 
more,  or  remove  the  plug  of  lead  pcroiide  which  is 
CHunng  the  short  circuit.     This  operation  may  be  per- 
formed  as  follows  :    first  pull  out  gently  the  ebonite, 
glass  or  celluloid  insulators  or   combe,    which   will  be 
found  to  be  separating  the  positive  plates  of  the  cell 
from  the  negative ;  when  these  separators  are  all  removed 
lift  out  the  whole  of  the  positive  plates  and  carefully      „. 
str^hlen  them  by  gentle  bending  where  necessary.         Cell- 
Thifl  bending  mnst  be  very  carefully  performed,  and  is      Xestinff 
best  effected  by  (Jacing  a  wooden  bowd  of  suitable  thick-  Hydrometer 
nees  between  each  two  poative  plates,  and  gently  press- 
ing the  whole  pile  until  all  the  plates  are  bent  flat  ami  parallel  to  one 
another.     The  negative  plates  are  not  often  found  to  be  buckleJ,  but 
if  by  any  chance  they  are  bent  they  must  be  lifted  out  of  the  acid  and 
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Btraijfhteiipd  in  the  same  maimer  as  the  positives;  this  operation 
mnst  be  performed  without  undue  force,  but  as  rapidly  as  possible, 
for  the  exposure  to  the  air  dumag-cs  the  negatives,  and  the  straightened 
plates  must  be  returned  into  the  dilute  acid  as  promptly  as  possible. 
The  rapidity  and  violence  of  the  chemical  action  of  the  air  upon  the 
moist  negative  plates  is  shown  by  the  fact  that,  a  iter  a  very  short 
exposure  to  the  air,  they  will  become  hot  and  the  dilute  acid  on 
their  surfaces  will  rise  in  clouds  of  steam.  When  the  plates  have  been 
straightened  as  de8cril)ed  above,  they  are  returned  to  the  acid  from 
which,  however,  any  plugs  of  paste  or  sediment  of  lead  peroxide  should 
be  previously  removed.  The  plates  sometimes  rest  upon  glass, 
celluloid,  ebonite,  or  even  wooden  racks  at  the  bottom  of  the  cell,  and 
care  must  be  taken  that  these  are  in  their  proper  position  when  the 
plates  are  replaced.  The  insulators  should  next  be  re-inserted 
between  the  positive  and  negative  plates,  the  level  of  the  acid  made  up 
if  necessary  with  dilute  I '21  e.  g.  acid,  and  the  cell  is  ready  for  re- 
charging. It  should  be  charged  for  a  considerable  period  with  a 
current  which  should  be  about  that  of  the  minimum  charging  current 
spofdfied  by  the  makers  of  the  cell.  This  charge  may  with  advantage 
last  30  hours,  but  usually  this  i»  inconvenient,  but  it  should  in  any 
case  be  made  as  long  as  possible.  Charging  and  discharging  alter- 
nately at  low  rates  of  current  output  over  long  periods  of  time,  and 
taking  care  never  to  discharge  below  i  '8  volts,  is  a  method  of  treat- 
ment whioh  tends  to  get  the  plates  of  a  repaired  short  circuited  cell 
into  good  condition. 

Tr«atiii«iit  of  0«lls  in  Bad  Condition. — If  a  cell  is  found,  when 
charged  in  series  with  others  of  the  same  size  and  make,  not  to  effer- 
vesce 80  copiously  when  the  charge  is  being  completed,  and  if  this 
cell  drops  its  volts  on  discharge  after  it  has  been  in  use  for  a  short 
time,  whilst  similar  cells  working  at  the  same  output  keep  their  voltage 
for  a  longer  period,  it  is  clear  that  the  cell  in  question  is  getting  in  an 
unsatisfaotory  condition.  It  is  said  to  have  a  small  ampdre  hour 
capacity.  In  order  to  restore  it  to  condition  it  is  advisable  to  charge 
it  up  with  the  other  cells,  but  not  to  discharge  it  or,  at  any  rate,  to 
only  slightly  discharge  it :  this  treatment  continued  over  some  half-a- 
dozen  charge  will  usually  do  much  to  get  the  cell  back  into  condition 
once  more. 

If  the  electrolyte  of  the  cell  gets  into  bad  condition  by  reason  of 
copper  salts  or  other  contamination  finding  its  way  into  the  liquid  it 
may  become  necessary  to  change  the  liquid ;  this  may  be  done  by 
syphoning  it  out  and  having  at  hand  some  previously  prepared  cold 
dilute  acid  of  the  correct  gravity,  which  can  be  rapidly  added  in  order 
that  the  negative  plates  may  remain  uncovered  for  as  short  a  period  as 
poi^ible. 
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If  by  any  chance  the  electrolyte  of  the  cell  is  spilt  the  loss  mnst  be 
made  np,  not  by  the  addition  of  distilled  water  or  rain  water,  as  when 
evaporation  is  to  be  made  good,  but  a  siifficient  quantity  of  cold  dilute 
sulphuric  acid  of  i*  19  to  1*21  s.  g.  must  be  added. 

Correet  Add  8tr«ngtli  for  Secondary  Batteries. — The  proper 
strength  of  the  dilute  sulphuric  acid  to  be  employed  for  secondary 
batteries  is  usually  stated  by  the  maker  of  the  cell,  but  it  is  always 
closely  in  the  neighbourhood  of  i-2i,  measured  at  the  ordinary  air 
temperature.  This  strength  of  arid  may  bo  made  by  gradually  pour- 
ing two  parts  by  volume  of  strong  sulphuric  acid  (1*85  s.  g.)  into  five 
parts  by  volume  of  distilled  or  rain  wat^iT.  Heat  is  liberated,  and  the 
acid  must  be  added  in  a  thin  stream  to  the  water,  which  is  kept  well 
stirred  by  a  glass  rod  or  a  wooden  stick.  The  mixture  is  best  made 
in  a  glass  vessel,  but  care  must  be  taken  that  the  acid  is  gradttally 
added,  otherwise  the  rise  of  temperature  will  crack  the  glass ;  after 
this  mixture  has  been  made  it  must  bo  allowed  to  cool,  its  specific 
gravity  carefully  measured  and  adjasted  by  the  addition  of  more 
water  or  more  acid  acoording  as  the  gravity  is  above  or  below  the 
desired  value  of  1  '2 1 . 

Annnal  Cost  of  floeondary  Batteries. — If  a  secondary  battery  is 
properly  attended  to,  it  may  be  taken  that  the  annual  cliarge  for 
interest,  depreciation,  and  repairs  is  not  less  than  twenty  per  cent., 
reckoned  on  the  prime  cost  of  the  battery,  but  this  charge  may  be  con- 
siderably increased  if  proper  care  is  not  taken  to  superintend  the  cells. 
A  portable  battery  has  usually  a  higher  rate  of  depreciation  than  a 
fixed  battery.  Makers  will  under  certam  conditions,  which  are,  how- 
ever, somewhat  strict,  enter  into  msdntenance  guarantees  with  pur- 
chasers of  their  battery.  The  Cliloride  Company,  for  a  fixed  battery, 
will  enter  into  such  a  contract  for  five  years  for  an  annual  payment  of 
1 2 '3  per  cent,  of  the  value  of  the  battery,  but  for  longer  periods  tliis 
firm  requires  a  larger  annual  payment,  and  if  we  allow  interest  charge 
at  5  per  cent,  the  total  charge  will  not  be  appreciably  less  than  20  per 
cent. 

Blsetrolytes. — ^Liquids  may,  in  so  far  as  their  electric  behaviour  is 
concerned,  be  divided  into  two  main  classes,  namely :  liquids  which  will 
allow  the  electric  current  to  pass  through  them,  and  liquids  which 
will  not  allow  the  current  to  pass  through  them.  The  second  of  these 
classes,  namely,  those  which  will  not  permit  the  electric  current  to  flow 
through  them,  arc  of  course  insulating  liquids,  such  as,  for  instance, 
paraffin  oil,  turpentine,  rosin  oil,  and  generally  imvaj  organic  com- 
pounds known  as  hydro-carbons  and  fatty  acids :  with  this  class  we 
have  practically  nothing  to  do  in  electrolytic  refineries,  although  it  is 
true  that  insulators  for  stiitionary  secondary  batteries,  and  insulators 
for  the  support  of  electric  conductors,  are  frequently  filled  with  some 

D 


34  PBIMABY  AND  8BOONDABT  BATTBMISB. 

such  liquid  non-conduotor.     The  firai  clam  of  liquids,  namely,  those 
which  permit  a  currezit  of  electricity  to  flow  through  them,  may  be 
again  divided  into  two  other  sub-classes :  first,  liquids  which  will  permit 
an  electric  current  to  flow  through  them,  but  which  suffer  no  altera- 
tion of  composition  or  chemical  change  due  to  the  passage  of  the  cur- 
rent.    Such  liquids  are  usually  molten  m(>tal8  or  molten  alloys,  such  as 
mercury,  or  molten  iron,  brass,  Bolder,  etc.     The  second  sub-class  con- 
sists, howeyer,  of  liquids  which  allow  the  current  to  flow  through 
them,  but  at  the  same  time  the  current  cauRes  a  chemical  alteration  or 
decomposition  of  the  liquid.     Such  liquids  are  called  electrolytes,  and 
usually  consist  of  an  aqueous  solution  of  a  salt,  an  acid,  or  a  base,  or 
consist  of  a  molten  salt,  acid,  or  base.     Examples  of  these  electrolytes 
are : — a  solution  of  copper  sulphate  or  of  common  salt  in  water ;  a  solu- 
tion of  sulphuric  acid  or  hydrochloric  acid  in  water ;  a  solution  of  caustic 
soda  or  potash  in  water ;  liquid  fused  zinc  or  sodium  chlorides ;  fused 
phosphoric  acid,  or  fused  sodium  or  potassium  hydrates.    The  essential 
difference,  which  theory  and  many  experiments  show  exists  between 
liquids  which  are  electrolytes  and  liquids  which  are  not  electrolytes,  is 
that  in  the  non -electrolyte  solution  the  molecules  of  matter  of  which 
the  substance  dissolved  in  the  liquid  Lb  made  up  are  all  of  the  same 
nature     and    chemical    composition,   whilst   in    an   electrolyte    the 
solution    consists   of  a  mixture  of  two  or  more  different  kinds  of 
molecules.     Thus,  although  common  salt  or  sodium  chloride  in  its 
solid  state  is  probably  built  up  of  only  one  kind  of  molecule  or  minute 
unit,  each  of  whichmoleculesoonsistsof  thesame  combination  of  sodium 
with  chlorine,  yet  if  sodium  chloride  is  fused  wo  have  a  solution  of  sodium 
molecules  and  of  chlorine  molecules  in  a  solvent  of  sodium  chloride,  whilst 
if  common  salt  is  dissolved  in  water,  wo  arc  dealing  with  a  solution  of 
sodium  molecules,  and  chlorine  molecules,  and  sodium  chloride  molecules 
in  water.  Thisisthecase  with  all  electrolytes,  and  the  electric  current,  or  at 
any  rate  the  electric  di  ff erence  of  pressure  at  the  two  electrodes  or  conduct- 
ing terminals  from  the  current  generator,  which  are  immersed  in  the 
liquid,  simply  act  by  attracting  these  different  molecules,  into  which  the 
original  compound  has  split  up,  into  different  directions.     The  electrode 
attached  to  the  negative  pole  of  the  generator  always  attracts  the 
metallic  element's  molecules  in  an  electrolyte,  and  these  molecules  are 
sometimes  known  as  the  eathions,  the  electrode  which  attracts  them  is 
called  the  cathode.     The  electrode  attached  to  the  positive  pole  of  the 
generator  attracts  the  non-metallic  element's  molecules  from  the  elec- 
trolyte ;    these  molecules  are  sometimes  called  the   anions,   and  the 
electrode  which  attracts  them  is  called  the  anode. 

Sliort  Olreulte. — When  an  electric  generator  has  its  terminals 
joined  by  a  conductor  possessing  very  small  or  negligible  resistance, 
the  generator  gives  out  the  largest  current  whi(;h  it  is  capable  of  yield* 
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lag,  and  In  nuuij  canes,  eopcciallj  in  the  cum  of  b  accondar]'  electric 
battery,  or  any  tiJI  liftving  a  very  low  internal  roBbtance,  or  a  dynamo 
nndiT  the  wrae  coudition  of  low  iutemiU  n'Mistaitee,  whieh  alwuyii 
existii  ill  iwiDiwniul  maehini'H.  inuth  duinu)^'  muy  be  dune  to  the 
geoeratJ^r:  thc^-ellurdynaiDo.  a^  the  euM' muy  be,  being  often  ruined  un- 
lean  the  "  short  "  limts  a  very  short  tune  indeiJ.  The  d  auger  nt  Hiirh  a 
"  short  circuit"  oeeurriug  in  avoided  as  far  as  pos^dble  by  placing 
fusible  eut-Out«  in  c'ireuit,  which  will  lie  melted  by  the  current  flowing 
due  to  the  "short  eireiiit  "  if  this  la«l«  for  more  than  a  very  limited 
time,  thuK  intemiiitiLg  ttie  "ahort'  ii,;d  prcvenling  the  dumiiK^' to 
the  [^■nenitor. 

Thi-  U-rm  "  short  circuit"  may  lUno  be  npplinl  to  the  ca»i>  where  a 
cnrrcnt  whirh  is  Mowing  through,  «ay,  an  elwtrolytii;  bath,  by  rciwon, 
let  UB  imajrine,  of  some  piece  of  metal  falling  across  the  mctnl  tcrminalB 
of  the  bath,  Qows  through  this  metallic  path  thiu  provided,  which  hau 


Pig.  25.— Battery  nrr&nited  (o  series 

n  very  low  rwdntance,  inslt^ad  of  throusrh  the  higher  reMBtance  path  of 
the  electrolyte,  in  whieh  ita  fimctjon  in  to  produce  some  I'hemical 
change.  Tliiw,  whilst  this  short  circuit  lnst«  the  electrolytic  vat,  which 
is  short  lirvuited,  i«  uselcBH,  it«  duty  of  providing  bo  much  metal  or 
other  material  JXT  hour  is  comph'toly  interrupted  until  the  short 
circuit  is  removed.  Liurtly,  a  enrrent  gencTator  may  be  internally  short 
circuited,  an  has  been  described  iu  the  rnm  of  a  nerondary  battery  in 
which  a  plug  of  paste  ha*  fallen  between  the  pisitive  and  negative  platen, 
thus  etectrii'ally  connecting  them  inside  the  ceU  tenninals.  This  is 
called  an  internal  short  circuit. 

Oonaaetlon  of  Battarlaa  In  Sarlaa  atu  P«rallal.— Ah  haa 
already  been  remarked,  batteries  of  electrical  cells  may  be  arranged 
oonnected  in  nerics  to  give  a  large  voltage.  This  arrangement  in 
shown  in  Figs,  j;  and  37,  where  the  positive  of  one  cell  is  connected  to 
the  negative  of  the  ne^t,  and  no  on,  until  the  desired  number  of  lella 
have  been  connected,  and  the  linal  micounectcd  positive  and  negative 
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of  the  end  cell«  form  the  terminals  of  the  battery.  The  electro-motive 
force  of  Biich  a  battery  is  equal  to  the  sum  of  the  electro-motive  forces 
of  all  the  cells  in  the  series.     Usually  only  one  kind  of  cell  is  thus 


Fig.  26. — Diagram  of  Cells  arranged  in  Parallel. 

connected  to  form  a  battery,  and  if  so  the  e.  m.  f .  of  the  battery  is 
equal  to  that  of  one  cell  multipUed  by  the  number  of  cells  in  the 
series. 
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Fig.  27.— Diagram  of  Cells  arranged  in  Four  Groups  in  Parallel, 
each  group  consisting  of  three  in  series. 

Cells  may  also  Iw  connected  in  parallel,  as  shown  diagrammatically 
in  Fiif .  26,  where  all  the  positives  are  joined  together,  forming  the 
common  positive  terminal  of  the  battery,  and  also  all  the  negatives  are 
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ojned  together,  fonoinii;  tlie  conunon  neyBtivu  of  the  battery.    The 
.  m.  f.  of  tlie  batterj  thiu  comiccted  ik  that  of  ouly  utiu  of  the 


Fig.  28.— AtkiufloD'R  Fin-  ly.— Alkiiis.m'H  AiripiTe- 

Ampice- meter  or  Voltmeter.  meter  or  Volttiiiu-r  titti-d  witb 

lieiiLIo  Icacia  and  louutvliuR  plug! 

ooiutjlucnt  celtK,  but  it  if  capable  of  giving  n  cuirent  which  is 
laifjer  thiin  one  uell  can  give,  in  proportioD  to  the  number  of 
colls  thmt  eonuocled  in  parallel.      The  eellx  of  a  batter;  may  be 
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arranjj^ed  partly  in  parallel  and  partly  in  series  ;  thus  Fig.  27  shoTirB 
a  diagram  of  twelve  cells  arranged  in  four  groups,  each  of  thi^e  in 
series  with  each  other,  the  groups  being  then  connected  in  parallel.  In 
the  diagrams  the  usual  convention  of  a  thick  line  for  the  negative 
element  and  a  thin  line  to  denote  the  positive  element  is  adopted. 
Large  and  small  cells  of  any  given  kind  may  be  arranged  in  parallel 
with  each  other,  but  cells  of  different  kinds  should  not  be  so  connected, 
that  is,  a  Bunsen  cell  should  not  be  employed  in  parallel  with  a 
Daniell  cell.  Also  in  putting  groups  of  cells  in  scries  into  parallel 
with  each  other,  as  in  Fig.  27,  the  groups  must  not  only  be  all  of 
the  same  kind  of  cill,  but  each  group  must  contain  the  same  number 
of  cells. 

Ampdrtt-metora  and  TToltnMtem. — There  is  a  very  large  number 
of  these  instruments  of  ver}'  different  prices  and  construction  now  upon 
the  market.  The  great  point  is  that  they  shall  be  accurate,  and  also 
that  they  shall  be  fairly  dead  beat,  that  is,  that  the  needles  or  indicators 
shall  not  oscillate  about  much  when  the  current  is  changed,  before  they 
settle  down  to  the  position  required  by  the  changed  current. 

A  cheap  and  ratlier  novel  form  of  amp5re-meter  and  voltmeter  which 
appears  to  fulill  these  conditions  is  made  by  Messrs.  Atkinson,  of 
Cardiff.  Two  views  of  this  instrument  are  shown  in  Figs.  28  and  29. 
Fig.  29  shows  an  instrument  provided  with  a  flexible  lead  and  plug 
connector  for  connecting  on  to  different  points.  These  ampere -meters 
and  voltmeters  are  identical  in  general  conslxuction  and  appearance ; 
they  are  intended  to  be  attached  to  the  wall,  but  there  is  no  reason  why 
they  should  not  be  made  portable  by  attaching  tbem  to  suitable  stands. 
For  many  purposes,  especially  in  a  small  electro-plating  shop,  it  is  an 
advantage,  or  indeed  almost  necessary,  that  the  instruments  should  be 
portable,  that  is,  that  they  shall  be  capable  of  being  moved  from  one 
part  of  the  building  to  another,  and  quickly  and  safely  set  up  at  any 
demred  point.    The  price  of  these  Austruments  is  about  £  i . 

B«giilatinK  B«tiataneea. — For  adjusting  the  current  to  any  desired 
value  from  any  given  source  of  constant  e.  m.  f .  it  is  very  desirable  to 
have  some  form  of  regulating  resistance.  Several  forms  of  this  class  oi 
apparatus  are  described  and  figured  at  the  end  of  the  next  chapter. 


CHAPTER  11. 

THERMOPILES-  DYNAMOS.— THE  COST  OF  ELECTRICAL 

INSTALLATIONS  OF  SMALL  OUTPUT  FOE 

ELECTRO-PLATINO,  ETC. 

The  Thermopile.— The  GUlcher  Thermopile.— The  Cox  Thermopile.— 
The  Glamond  Thermopile. — ^The  Dynamo. — Points  to  be  Con- 
sidered in  Buying  a  Dynamo. — Care  of  Dynamo. — Driving  Belts. — 
Starting  and  Stopping  a  Djrsamo. — Cost  of  Dynamos. — Cost  of 
Motor-Dynamos. — Specification  for  and  Choice  of  Motor-Dynamos. 
— Safety  Precautions  with  Motors  of  Motor-Dynamos.— Choice  of 
Electric  Generators  of  Small  Output,  under  Various  Circumstances. 
—Comparison  of  Costs  of  Primary  Batteries,  Secondary  Batteries, 
Dynamos,  and  Motor-Dynamos.— Costs  of  Gas  Engines,  Steam 
Engines,  Oil  Engines. — Gas  Engines  Run  on  Producer  Qaa. — 
Regulating  Resistances.— Determination  of  Polarity  of  Generators. 

ThmaopUmu. — ^The  next  form  of  electric  generator  which  we  have 
to  ooQaider  is  that  form  of  apparatus  known  as  a  thcrmopUe.  An 
apparatus  of  this  nature  may  be  briefly  described  as  one  which  converts 
the  heat-energy  of  some  burning  fuel  into  the  energy  of  tho  electric 
current.  At  one  time  it  appeared  as  though  for  all  ordinary  purposes 
this  form  of  apparatus  must  completely  displace  the  electric  battery  in 
which  chemical  reactions  are  the  source  of  thee.  m.  f.,  and,  indeed,  tho 
undoubted  fact  that  in  the  thermopile  the  energy  of  the  heat  of  com- 
bustion of  a  fuel  is  directly  converted  into  the  energy  of  the  electric 
current  without  any  complicated  intermediate  apparatus  such  as  the 
steam-boiler  and  the  steam-engine,  or  the  gas-engine,  with  the  dynamo, 
seemed  to  indicate  that  the  thermopile  might  eventually  quite  supersede 
the  dynamo.  These  attractive  dreams  have  not,  however,  up  to  the 
present  been  realised  in  practice,  owing  to  the  low  efficiency  of  the 
thermopile,  and  chiefly  to  ite  high  prime  cost  and  the  care  necessary  to 
keep  it  in  satisfactory  working  order.  Until  the  advent  of  the 
"Cupron  element"  primary  cell  the  thermopile  might  probably  have 
had  a  fairly  large  field  for  small  plating  work  and  especially  for 
laboratory  work,  but  the  present  writer  considers  that,  unless  under 
very  special  circimistances,  the  thermopile  would  be  better  replaced  by 
either  *'  Cupron  elemente,"  secondary  batteries,  or  dynamos.    It  is. 
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howcviT,  drsinible  to  dcwribe  tho  funus  of  thcnuopilc  at  preMnt 
employed,  more  eH)ieciuI1y  tut  it  in  BtiU  quite  powublc  thut  cheaper, 
struuger,  aiul  moro  L'fficiitiiit  fomm  muy  be  developed  iu  thu  future,  nnd 
if  thin  improvcmeiit  coiild  be  r^arriiid  Hufficieotly  far,  it  in  certainly 
poisiHt  t)iut  the  dynamo  might  be  largi^ly  or  altugt-tlirr  ilispluc-ed,  hut 
up  to  the  present  there  doei*  not  seem  great  prahabilily  of  thin  deHirable 
end  being  uttaiued. 

The  thermopile  con«iKt»  esBentially  of  ft  «eri(n  of  jnnotioiiMof  different 
motals,  ulloyM,  or  other  condueUng  solids,  which  arc  kept  ut  a  hxed 
high  t::mperature,  and  another  net  of  altcraiitely  arranged  Einiilar 
juuutiouit,   which  arc  maintained  at  a  fixed  low  tempuruture.     Tho 


Fig.  3o.-Giilcher'a  Thermopile. 

theory  of  tho  action  is  quite  unnecGsaary  for  practu:al  pnrposep,  and  aa 
wo  are  here  merely  coOHidering  the  thermopile  aa  a  current  gfnerutor 
wo  nhall-aay  nothiug  on  tho  tluMrctioal  uspeets  of  tlio  matter,  which 
may,  however,  by  tlie  aid  of  a  moderate  amount  of  nuithematicH,  be 
oliliiiued  from  most  troutises  ou  tlieuretlcal  elcotricity. 

lu  all  fumuiof  thermopile,  then,  with  whieh  the  author  is  acquainted, 
the  liut  juiu:tiuiiK  arc  heated  by  mcauH  of  a  gas  burner,  or  a  coke  or  coal 
fnmai¥,  iiud  the  cool  juuctiuus  uro  kept  cold  citliir  tdniply  by  dirtv^t 
exposure  to  tho  air  or  by  the  circulutiuu  of  u  cumut  of  cold  water  from 
a  ueighbouring  tap. 

Tb«  aiiieb«r  TbannopUa. — This  apparatus,  a  view  of  which  is 
nbowu  iu  Fig.  30,  is  nianufaeturod  by  Julius  Pintseh,  Berlin,  and 
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18  listed  by  Franz  Miiller — Dr.  Geitfuler's  successor — of  Bonn  am  Rhein, 
Germany,  at  a  price  of  190  marks  for  the  largest  size,  with  23  marks 
extra  for  a  gas  pressure  regulator. 

Dr.  G.  Langbein,  of  Leipzig-Sellerhausen,  Germany,  also  lists  this 
thermopile  at  the  same  price,  whilst  the  same  size  of  thermopile  may 
also  be  purchased  of  Messrs.  O.  Berend  &  Co.,  of  Duncdin  House, 
Basinghall  Avenue,  London,  E.G.,  at  a  price  of  £14  $8.,  or  with  a  gas 
pressure  reg^ilator  extra,  the  cost  is  £15  156. 

It  is  claimed  for  these  thermopiles  that  tliey  may  bo  employed  con- 
tinuously, and  that  their  efficiency  does  not  vary,  neither  does  the 
apparatus  deteriorate.  They  yield  a  constant  clectro-motivc  force 
which  may  be  slightly  varied  by  turning  the  gas  up  or  down,  and  the 
internal  resistance  of  the  pile  is  not  largo.  A  thermopile,  of  course, 
causes  no  polarisation  troubles  like  a  primary  battery. 

The  following  details  as  to  price,  etc.,  of  this  type  of  generator  are 
given  by  Messrs.  O.  Berend  &  Co. : — 


Bizc 

No.x. 

No.  2. 
50 

No.  3. 

Kumber  of  elements 

26 

66 

E.  M.  F.  in  volts  .... 

I  "5 

3 

4 

Current  strength  obtainable  when 
the  external  resistance  is  equal 

to  internal          .... 

3 

3 

3 

Internal  resistance  in  ohms 

0  25 

0-50 

0-65 

Approximate  consumption  of  gas 

in  cubic  feet  per  hour 

2 

4'9 

6-4 

Price  of  thermopiles 

£6    7     6 

;fl2       0       0 

£14    5    0 

Price  of  gas  regulators 

£1   10    0 

£1     10       0 

£1  10    0 

With  reference  to  the  foregoing  table  it  must  l)c  remarked  that  when 
the  thermopile  is  running  with  the  currents  there  stated,  that  is, 
when  the  external  resistance  is  equal  to  the  internal  resistance  of  the 
generator,  it  is  working  at  its  greatest  rate,  that  is,  it  is  giving  out 
electrical  energy  to  the  outside  circuit  at  its  greatest  rate. 

The  following  instruction.^  are  given  as  to  tlio  use  of  this  thermo- 
pile:— 

"First  place  the  tubular  i)orccliiin  chinmeys  iu  theu*  phui-n,  ou 
top  of  the  elements,  by  inserting  the  projecting  mica  tube  in  tlie  holes 
until  the  porcelain  rests  on  the  metal ;  in  tliis  position  they  must 
remain.  Thereupon  connect  the  thermopile  by  a  rublx^r  tube  to  the 
gas  supply,  open  the  tap,  and  after  a  lapse  of  about  half  a  minute — 
the  time  it  will  take  for  the  aii*  to  csca^)e  fi'om  the  tubes — set  light  to 
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the  gas  eflcaping  from  the  tubular  elementH  at  the  mouth  of  the  porce- 
lain chimneyB.  (Sec  that  all  the  bumoni  are  alight  to  prevent  escape 
of  ga8,  and  to  ensure  full  ciiiciency  of  the  thermopile.)  When  the 
burners  are  lighted  the  thermopile  is  ready  for  use,  and  requires  no 
further  attention.  In  8  to  lo  minutes  after  lighting  up,  the  pile  is 
sufficiently  heated  to  give  off  a  perfectly  constant  e,  m.f.  The  consumj)- 
tion  of  gas  gpiven  in  the  table  is  calculated  upon  a  gas  pressure  of 
30  m/m==i'i8  in.  water  column.  Before  packing,  each  thermopile  i^ 
carefully  tested,  and  adjusted  to  the  highest  admissible  gas  pressure,  viz. , 
50  m/m  =  I  '96  in.  water  column.  As  the  gas  pressure  varies  consider- 
ably, it  is  strongly  advisable  to  always  insert  a  gas  pressure  regulator 
as  quoted  in  list,  but  in  most  instances  the  gas  companies  will  be  able 

to  inform  users  of  their  normal 
X^ressure,  and  when  such  normal 
pressure  docs  not  surpass  the 
nuiximum,  it  is  not  ne(*«ssary  to 
use  a  regulator.  Simply  turn 
off  the  gas  tap  for  putting  the 
thermopile  out  of  work. 

*'  Caution. — 2)o  not  interfere 
with  the  ga»  inlet  on  the  ther- 
mopile ;  any  increase  of  thie  inlet 
will  ruin  the  instrument. 

The  thermopile  must  be  kept  in 
a  dry  places  and  sftould  be  pro- 
tected  from  acid  vapours^  which 
would  attack  the  metal.  It  is 
advisable  to  fix  the  pile  to  the  waU 
on  a  Jiorizontal  bracket  at  a  heiyht 
suffieient  to  protect  it  from  inter- 
ference.^* 

Fig.  31.— Cox  Thermopile  for  gas        rrv.-     .x.  1       •         x  j    i. 

without  water-jacket.  T^"^  thermopile,    mvented    by 

Mr.  H.  Barnngton  Cox,  is 
manufactured  by  the  Cox  Thermo  Electric  Company,  Limited,  at 
the  Cox  Laboratory,  St.  Albans,  Herts,  England.*  Several  general 
views  of  this  form  of  thermopile  are  given  in  Figs.  31,  32,  33. 

The  hot  junctions  are  heat«d  by  means  of  a  Bunsen  gas  flame  as  in 
the  Giilcher  pile,  but  in  the  larger  sizes  of  the  Cox  thermopile  the 

*  I  hear  that  the  English  Company  has  been  wound  up,  but  the 
American  btisinesB  is,  I  believe,  still  carried  on  at  126,  Liberty  Street, 
New  York. -A.  t. 
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odd  juDctknig  arc  kept  cool  by  mcanB  of  a  stream  of  water  from  the 
ordinary  bupply  tap,  whereua  in  tho  Giiluhcr  pile,  air  cooling  alone  is 
employed.  The  foltovrtng-  directions  for  usn  &re  given  by  llie  makeTB 
of  this  thermopile  :  — 

I.  Direutiuiu  for  u»c  of  HmaUer-Bized  genpraUir,  heated  with  gtui 
burner,  and  aot  supplied  with  vinUir  cooling  mraugenientH  [Fig.Jt"). 

The  g<eDcrstor  with  its  gut  burner  should  be  placed  upon  Home 
eonvenient  mipport,  mitb  us  b  table  or  stand,  where  the  apparatus 
operated  can  be  conveniently 
placed.  Use  a  sufficient  length 
of  rubber  tube  to  connect  the 
burner  to  the  nearest  gaa  jet  in 
the  room.  Soe  that  the  de< 
fleoina,  which  are  shown  at  d 
in  Kg.  35,  are  an  nearly  at  po9- 
sble  in  the  centro  of  tjio  gene- 
rator :  thia  is  neccBxary  in  order 
that  the  heat  from  the  burner 
shall  be  supplied  equally  to  all 
parts  of  tho  raorhinp.  The 
bamer  may  be  lighted  at  cither 
tho  top  of  the  tube  or  at  the 
top  of  tho  generator.  The  de- 
flectors require  to  bo  heated  up 
to  a  cherry-red  heat,  and  suf. 
ficient  gas  must  be  supplied  lo 
do  t^iia  The  gas  flame  should 
never  impinge  upon,  or  strike 
against  the  interior  of  the 
clement,  that  is  to  say  against 
the  inside  of  the  disc,  which  is 
the  part  that  produces  the  elec- 
tricity. TTii^  last  precaution  Fig.  3..-C0X  Thermopile  for  j«, 
is  extmnely  important.      The  fitted  ,v.th  water-j.cketand 

pile  may  be   run  conKnuously.  ''"«'''«'  ""Pf"^ 

and  provided  the  gnf  supply  is  Klcndy,  the  current  will  not  vary  in  the 
slighlest  degree,  but,  if  it  i«  iiijuired,  the  strength  of  tho  current  may 
be  increased  or  decreased  by  regulating  the  amount  of  gas  supplied. 
More  gas  will  give  more  nurrcnt,  less  giis  less  ciuTout,  Short  circuiting 
thegenerator  does  not  injure  it  in  anyway.  It  should  be  remembered 
that  the  elcmimt  under  working  conditions  becomes  hot,  and  must 
not  be  handled  without  uidng  the  fire-proof  asbestos  pads  provided, 
or  some  other  suitable  means.     To  stop  the  pile  actiug  simply  turn  off 
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Heat  in  the  form  of  stored  energy  will  operate  the  apparatus  for 
some  minntes  after  the  gas  is  put  out.  The  generator  should  be 
allowed  to  thorouglily  oool  before  it  is  handled. 

2.  Directions  for  installing  and  using  the  larger  sized  generators, 
heated  with  gas  and  supplied  with  water  circulator. 

Screw  the  machine  upon  the  wall  in  a  vertical  position  and  in  such 
a  place  that  it  may  be  as  free  as  possible  from  draughts  of  air.  Connect 
the  gas  burner  A,  Figs.  34  and  35,  on  the  pile  by  mcauM  of  a  rubber 
tube  to  a  convenient  gas  supply,  also  connect  the  water  tubes  E  E  in 
the  same  manner  with  the  water  supply,  taking  care  that  the  water 
enters  the  pile  at  the  bottom  opening,  following  the  direction  of  the 

arrows  so  as  to  leave  at 
the  top  as  shown  in  the 
drawing.  Bemove  the 
string  and  tag  which  is 
tied  about  the  deflector 
tripod  0  at  the  top  of  the 
machine,  and  see  that 
the  deflector  rod  D  rests 
in  the  centre  of  the 
burner  B.  Also  note 
that  all  screws  are  tight, 
especially  the  connec- 
tions.  The  use  of  small 
lead  or  compo  piping  is 
reconmiendod  instead  of 
rubber  tubes.  A  lead  or 
compo  pipe  is  found  to 
be  more  satisfactory, 
especially  if  a  pipe  is 
to  be  kept  in  constant 
or    practically   constant 

UiSG. 

To  start  the  generator, 
turn  on  the  g»a  and 
water  and  light  the  ga«,  the  flame  &om  wliich  Kliould  apx)ear  as  in 
^^g-  34-  Obnerve  that  the  water  is  running  freely  tlirough  the 
apparatus,  though  only  a  small  current  is  necewiary.  The  correct 
quantity  is  dotenniutxl  by  the  temperature  of  the  wiwte  water,  which 
should  be  kept  at  a  temperature  of  from  70"  to  80""  Fahrenheit.  The 
temperature  must  on  no  account  be  permitted  to  exceed  150"^  Fahr. 
For  ordinary  purposes  the  temperatiu^  of  the  cooling  water  can  be 
determined  with  sufiicicnt  accuracy  by  placing  the  hand  upon  the 
casing,  which  should  not  feel  more  than  slightly  warm.     This,  of 


Fig.  33. — Cox  Thermopile  for  Spirit  Lamp, 
without  water-jacket. 
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oouTBe,  niuHt  be  done  when  the  pile  has  been  lig'htcd  up  for  bc 
orfift«en  minutfn,  ooJ  had  had  time 
to  rcai'h  its  full  temperature.  Too 
mnrh  water  is  uselesfl.  The  actual 
temprDLttire  of  the  wHfte  water  maj 
of  bourse  be  obtained  by  platting 
a  thetmometor  bulb  in  the  itisaing 
dtreain.  An  electric  current  may  be 
taken  from  the  pile  dircttly  it 
i4  lighted,  but  the  output  steadily 
s  with  the  time  until  the 
B  reached   in  about  ten 


To  atop  the  pile,  turn  off  the  gaa 
and  wat«r,  but  do  not  disconnect 
the  wat«r  pipen.  Always  allow  the 
water  jacket  of  the  pile  to  rem^ 
full. 

The  same  precantionN  in  lighting 
the  gas  and  regnlatitig  the  height 
of  the  gas  flame  apply  to  the 
water- jacketed  thermopile  : 


Fig-  34.— Section  of  Cox  Thei^ 
niopile  having  water-jacket. 
FUme  baming  correcUy. 

the  smaller  unjacketcd  form.     The 

appearance  of  the  flame  ehould  be 
like  that  nhown  in  Figa.  34  and 
36.  In  Fig.  35  a  gnH  flume  is 
shown  burning  incorrectly,  and  in 
such  a  manner  aa  to  damage  the 
{rile.  The  correct  form  of  flame 
can  always  be  obtained  by  turning 
the  gas  up  or  down,  llie  pile 
muRt  never  be  used  without  the 
drculating  water  running.  These 
are  the  only  points  which  roquire 
attention,  and  by  taking  thcHe 
precautions  the  natural  life  of 
the  machine  ia  indefinitely  long. 
Negligence  in  regard  to  their  obser- 
vance may  spoil  the  pile  In  a  few 
hours.  To  observe  the  gas- 
flame  look  from  the  bottom  of 
the  pile  upwards.  One  form  of 
the  Cox  generator  in  miule  to  be 
run  with  a  spirit-bnmer.  Fig.  33. 
All   forma   are    claimed    by    the    makera   to    be   economical    and 


Fig.  35.— Section  of  Coi  Ther- 
mopile, showing  flame  burn- 
ing incorrectly. 
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etroDg:.     The  following  details  as  to  price  and  output  have  t 
supplied  : — 

0«9C  MqarKtM'  cor  Oka  wltb  Watar-Jaokat. — 


J.  35.— Section  of  Cox  Thermopile  tor  gas,  without 


Prim,  nunipli-tp  Tiih 


PriceH  for  Beparate  items  :- 


Element 

Deflefitora       .... 
Spirit  or  gsB-bunier  and  stand 
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TlM  OlaiBoad  ThannopU*.— This  pile  was  originally  made  by  the 
Thermo  Generator  Company  in  or  about  1876,  and  ihe  following  are 
details  oonceming  their  oost  and  output : — 


Volts. 

Internal  resist- 
anoe:  ohms. 

Short  circuit 
current. 

Oas  consumption : 
cubic  ft.  per  hour. 

Price. 
£    8.    d. 

2 

i-o 

2  amperes. 

— 

300 

3 

1*5 

2        » 

3 

400 

6 

30 

2        1, 

5 

6  10    0 

DltS. 

Internal 
reslstanoe. 

Short  circuit 
caireat. 

Coal  gas  oonsumiH 

tion  in  cubic  feet 

per  hour. 

3 
10 

o'6  ohms. 

2-0       „ 

5  amperes. 
5 

6 
23 

20 

4-0     n 

5       » 

37 

12  6-0  2        „  9  13    o    o 

34  12- 15  27      „  37  32    o    o 

Piles  having  a  lower  resistance  were  al«o  made,  of  which  the  foUow- 
ing  results  were  given  : — 

Coal  eas  oonsumiH 

Price. 
£    8.    d. 

800 
20    o    o 

32    o    o 

The  piles  were  spoken  well  of  by  Sir  W.  H.  Preece,  and  were  by  his 
directions  employed  in  the  Goyemment  Telegraph  Service,  but  owing 
to  the  fact  that  the  junctions  after  a  time  were  found  to  fuse  by  coming 
into  direct  contact  with  the  burning  gas,  and  to  break  by  too  sudden 
cooling  and  heating,  and  also  because  moisture  and  products  of 
oombnstion  apparently  in  time  corroded  the  junctions,  the  use  of  the 
piles  was  discontinued ;  but  Sir  W.  H.  Preece  stated  that  the  pDes 
were  far  more  compact  than  ordinary  telegraph  batteries,  and 
expressed  his  belief  thai  the  difficulties  mentioned  above  could  be 
overcome.  The  Company,  however,  collapsed,  and  were  unable  to 
supply  a  complete  set  of  thermopiles  contracted  for  to  the  Postal  Tele- 
graph Department  in  1876.  Whether  the  pile  is  manufactured  under 
the  name  of  Clamond  or  any  other  title  the  present  writer  is  not  aware, 
but  apparently,  with  a  few  not  very  complicated  modifications,  this 
pile  could  be  made  as  successful  as  any  others  on  the  market. 

The  following  is  a  description  of  the  orig^al  Clamond  pile  given  by 
Mr.  Latimer  Clark  at  a  meeting  of  the  Society  of  Electrical  Engineers 
in  1876,  an  account  of  which,  accompanied  by  an  interesting  discussion, 
may  be  found  in  the  Journal  of  that  Society,  vol.  v.,  p.  321,  et  seq, 

Mr.  Latimer  Clark  states  that : — 

' '  The  mixture  employed  by  Clamond  consists  of  an  alloy  of  2  parts 
antimony  and  i  of  zinc  for  the  negative  element,  and  for  the  positive 
element  he  employs  ordinary  tinned  sheet-iron,  the  current  flowing 
through  the  hot  junction  from  the  iron  to  the  alloy.  The  combina- 
tion is  one  of  great  power.    Each  element  consists  of  a  flat  bar  of 


48  thbemop:-"Eh,  ptnamos,  xto, 

tho  nlln;  from  2  inobai  to  zj  indicia  in  length,  and  from  f  to  t  inch 
in  thicfcnpwi.  TJieir  form  ib  idiown  in  Fig.  3?,  Ly  which  it  will  be 
SP<Ti  that,  looking-  at  tho  plan,  they  are  Bpindle-shaped  or  broader  in 
tho  middle  than  at  the  ends.  The  ahoet-tin  ia  stiimped  out  in  (he 
fonu  shown  in  Fig.  38  ;  the  narrow  portion  in  then  bent  in  the  forms 
shown,  in  which  ntate  they  arc  ready  for  being  fixed  in  the  mould. 
The  melted  alloy  ia  pouted  in,  and,  before  it  hat  cooled,  the  mould  ii 
opi'ntil  and  the  burs  removed  with  the  hign  »ei™rc!y  cast  into  thcln. 
The  mould  ia  heated  nearly  \*>  the  melting  point  of  the  alloy,  and  10 
or  1 2  baro  aro  cant  at  one  time.  A  little  zinc  is  Rdded  from  lime  to 
time  to  make  up  for  the  lotw  due  to  volatilisation.  Tlie  alloy  melts  at 
about  500°  Fahr. ;  it  cipaudH  coniuderably  on  cooling.  The  more 
frccjuently  tho  alloy  is  recast  the  more  perfect  becomen  the  miiture, 
BO  that  old  piles  can  bo  reconverted  with  advantage  and  with  little 
loHs  beyond  that  of  the  labour.    The  alloy  is  extremely  wenli  and  brittle 
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and  eiuuly  broken  by  a  blow— iu  fact,  »  ncarrely  stronger  than  loaf 

"Tlic  tin  lugH  nre  bent  into  form,  and  tho  bam  are  arrniigcd  in  a 
rndiul  manner  round  a  temporary  braHs  cylinder,  as  shown  iu  Fig.  j;, 
a  thin  slip  of  mica  being  ioscrtod  between  the  tiu  lug  and  the  alloy, 
to  prevent  contact,  except  at  tho  jimction.  Tho  number  of  radial 
bars  varies  with  the  sixo  of  the  pile,  but  for  tho  usual  siKcH  eight  or 
ten  are  employed.  As  fant  as  tho  bars  are  laid  in  position,  they  are 
secured  by  n  paste  or  cement  formed  of  powdered  asbestos  and  soluble 
glass,  or  solution  of  silinato  of  potaasa ;  flat  rings  are  abio  formed  of  the 
same  composition,  which  possesses  considerable  tenacity  when  dry  ; 
and  as  soon  as  one  circle  of  bars  Lt  completed,  a  ring  of  tho  dry  asbestos 
cement  is  placed  upon  it,  and  another  cirole  of  elementjt  is  built  upon 
this,  and  so  on  until  the  whole  battery  is  formed.  Cast-iron  frames 
are  then  placdl  at  top  and  bottom  of  the  pile,  and  drann  together  by 
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screws  and  rods,  so  as  to  oonaolidate  the  whole,  and  in  this  oondition 
the  pile  is  allowed  to  dzy  and  harden.  Looked  at  from  the  inside,  the 
faces  of  the  elements  form  a  perfect  cylinder,  within  which  the  gas  is 
burned.  The  inner  face  of  each  element  is  protected  from  excessive 
heat  by  a  tin  strip  or  cap  of  tin  bent  romid  it ;  before  it  is  embedded  in 
the  cement  the  projecting  strips  of  tin  from  the  opposite  ends  of  each 
pair  of  elements  are  brought  together  and  soldered  with  a  blowppe 
and  soft  solder.  The  respectiye  rings  are  similarly  connected,  and  the 
whole  pile  is  complete,  except  as  regards  the  heating  arrangements. 
The  positive  pole  of  these  piles  is  always  placed  at  the  top.  Gumming 
was  the  first  to  use  this  stellar  arrangement  of  couples.  The  pile  is 
usually  heated  by  gas  mingled  with  air,  on  the  Bunscn  principle ;  gas 
is  introduced  at  the  bottom  of  a  tube  of  earthenware,  which  is  closed 
at  the  top,  and  is  pierced  with  a  number  of  small  holes  throughout 
its  length,  corresponding,  approximately,  in  number  and  position  with 
the  number  of  elements  employed.  Before  entering  this  tube,  the  gas 
is  allowed  to  mix  with  a  regulated  proportion  of  air,  by  an  orifice  in 
the  supply  tube,  the  size  of  which  c^n  be  adjusted ;  the  mixed  gases 
escape  through  the  holes  in  the  earthenware  tube,  and  there  bum  in 
small  blue  jets,  the  annular  space  between  the  gas  tube  and  the  ele- 
ments forming  a  chimney  to  which  air  is  admitted  at  bottom,  the 
products  of  combustion  escaping  at  the  top.  In  order  to  prevent 
injury  from  over-heating,  and  to  diminish  the  consumption  of  gas, 
M.  Clamond  has  introduced  a  new  form  of  combustion  chamber,  by 
which  he  obtains  very  great  advantages.  Tills  form  is  shown  in 
Fig.  39.  The  mixture  of  air  and  gas  is  burnt  in  a  perforated  earthen- 
ware tube,  as  before  described,  but  instead  of  extending  the  whole 
height  of  the  battery,  it  only  extends  to  about  one-half  of  its  height. 
The  earthenware  tube  is  surrounded  by  an  iron  tube  of  larger  diameter, 
which  extends  nearly  to  the  top  of  the  battery,  and  is  open  at  the  top. 
Outside  this  iron  tube,  and  at  some  distance  from  it,  are  arranged  the 
elements  in  the  usual  manner.  A  movable  cover  fits  closely  over  the 
top  of  the  pile,  and  a  chimney  is  connected  to  the  bottom  of  the  pile. 
Leading  oft  from  the  ftnnnlRr  space  between  the  iron  tube  and  the 
intmor  faces  of  the  elements,  the  air  enters  at  the  bottom  of  the  iron 
tube,  and  the  heated  gases,  passing  up  the  tube,  curl  over  at  the  top, 
and  descend  on  its  outside,  escaping  eventually  by  the  chinmey. 
The  elements  are  heated  partiy  by  radiation  from  the  iron  tube,  and 
partiy  by  the  hot  gases  which  pass,  outside  the  tube,  downwards 
towards  tlie  chimney.  By  this  arrangement,  not  only  is  great  economy 
of  gas  cfifected,  the  consumption,  as  I  am  informed,  being  reduced  by 
one-half;  but  the  great  advantage  is  obtained  that  the  jets  of  gas 
can  never  impinge  directiy  on  the  elements,  and  it  is  thus  scarcely 
possible  to  injure  the  connections  by  over-heating.     In  the  event  of 
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a  bad  ronnectinQ  oonurriiifr.  it  in  ettey  to  find  ont  the  imperfpr.t  eInneDt, 
and  throw  it  out  of  ui«  by  nhort-cirtiiiliii(r  it  ovct  with  n  pipce  of  wiro, 
and  the  mRkctn  huve  no  diifiriilty  in  tuttiiifjr  out  adcfii'tivc  element 
and  rppliuMntr  it  by  h  nound  one.  Ci)ke  aud  (iharooiU  have  iJ«)  been 
employed  An  a  xounie  of  heat,  with  very  );reiit  economy  oud  Buiflxwi ; 
in  fai^t,  there  are  many  countrie«  and  plnucs  wliere  gas  would  not  In 
procurable,  but  where  eharcual  or  vuke  eould  bu  readily  ubtuiued. 


Fig-  35- — Section  of  Clamond'B  Tlieniiopile. 

The  tension  produced  by  Clnmond'H  thcnuo-clemcuts  in  EiU'b  that  each 
twenty  elements  may  be  taken  an  pmcticaUy  equal  to  one  Daniuiri) 
cell,  or  about  one  volt." 

It  in  stated  that  a  Clamond  pile  of  lOO  l)arB,  nith  the  oousumpliou 
of  5  cubic  feet  of  gas,  dcpoMto  about  i  ounce  of  Hilver  per  liour.  and 
the  same  machine,  amin^d  in  multiple  arc  (that  in,  for  ^na'-titii)  will 
deposit  about   I   ounce  of  chopper  in  the  Mime  time :  400  large  barn, 
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consuming  2  lbs.  of  ooke  per  hour,  will  deposit  abont  four  times  the 
above  qaantities  in  the  same  period  of  time. 

Messrs.  L.  and  G.  Wray  introduced  some  important  improvements 
upon  the  form  of  diamond's  thermopile  as  described  by  Mr.  Latimer 
Clark,  the  descriptions  of  which  were  given  in  the  discussion  on  Mr. 
Clark's  paper  {loc,  eil.),  but,  as  far  as  I  am  aware,  there  axe  no  pub- 
lished details  concerning  the  output,  price,  gtus  consumption,  and  life 
of  any  other  thermopiles  of  sufB.cient  magnitude  for  any  electro- 
chemical work  beyond  those  g^ven  above. 

Tli«  Bjiuuno. — ^Thc  third  and  last,  and,  for  the  larger  operations, 
the  most  important  current-generator  is  the  dynamo.  As  was  the 
case  with  the  other  forms  of  current-generators,  no  attempt  will  be 
made  here  to  treat  of  the  theory  of  the  dynamo,  nor  its  construction. 
The  theory  is  well  understood  and  the  art  of  construction  has  reached 
a  high  degree  of  perfection.  Particular  information  on  these  points 
dues  not  concern  the  elcctro-metallurgiHt,  who  is  merely  interested  in 
the  cost,  efficiency,  durability,  and  method  of  treatment  of  the  finii^hed 
machines.  The  largo  number  of  modem  treatises  on  the  theory  and 
construction  of  the  dynamo  now  available  make  it  an  easy  matter 
to  obtain  all  details  for  tho^so  anxious  to  be  acquainted  with  these 
subjects,  but  (let  it  be  remembered)  such  knowledge  is  in  no  way 
neceMary  to  the  practical  electro-metallurgist. 

The  dynamo  then,  in  so  far  as  we  are  concerned,  is,  like  the  electro- 
chemical battery  and  the  thermopile,  merely  a  source  of  e.  m.  f., 
which  when  connected  up  in  a  conductiug  circuit  will  yield  a  larger  or 
smaller  current  acxx)rding  to  the  largeness  or  smallness  of  its  e.  m.  f. 
and  the  smallness  or  largeness  of  the  resistance  placed  in  circuit. 

There  are  several  forms  of  dynamos  available  for  obtaining  an 
electric  current,  but  there  is  only  one  fonn  which  is  of  any  practical 
use  fur  the  electro-metallurgist,  and  that  is  the  particular  form  of 
machine  known  as  the  shunt  wound  dynamo.  Other  forms  of 
dynamos  may  possibly  be  employed,  but  they  possess  no  advantage 
in  cost  or  efficiency,  and  even  when  used  by  experienced  persons  for 
electro-chemical  work,  are  always  liable  to  cause  more  or  less  serious 
trouble  from  time  to  time.  The  soundest  advice,  then,  to  anyone  about 
to  purchase  a  dynamo  for  electro-chemical  work  of  any  other  form 
than  the  shunt  wound  machine,  is  '^  Don't.*' 

The  dynamo  is  so  largely  employed  nowadays  that  it  is  difficult  to 
imagine  that  anyone  who  is  in  any  way  couneited  with  tetlmical  work 
is  not  familiar  with  at  least  the  general  apiM'arunce  of  tlu^  ma(*hinc. 
It  is  not  possible  to  tell  by  mere  inspection  the  efficiency  and  output 
of  a  machine,  and  the  general  details  of  equaUy  good  dynamos  may  be 
very  different.  Every  machine,  however,  musit  contain  the  following 
ten  important  parts  (see  Fig.  40) : — 
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1 .  Field-magnets,  x,  made  of  steel  or  inm  (of  almost  any  shape). 

2.  Field -magnet  windings,  ic",  consisting  of  insulated  copper- wire 
coils  carried  round  the  field  magnets. 

3.  Armature  shaft  or  spindle,  e  e,  which  rests  on  and  runs  in — 

4.  The  armature  shaft  bearings. 

5.  The  armature,  ▲  a. — This  consists  of  a  collection  of  copper 
wires  or  bars  attached  to  a  cylindrical  core  of  iron  plates.  The 
complete  structure  ia  keyed  firmly  to  the  armature  shaft. 

6.  The  commutator,  c. — This  is  a  cylindrical  assemblage  of  copper 
or  occasionally  iron  segments,  having  an  insulating  layer  between 
each  segment.  It  is  connected  by  wires  to  the  armature,  and 
is  keyed  on  the  armature  sliaft  at  one  end  of  the  armature. 

7.  The  brushes,  b  b. — These  are  copi)er-wire  gauze  or  sometimes 
carbon  blocks,  which  are  held  in  what  are  called  brush-holders, 
which  in  their  turn  are  held  on  the  rocker.  There  are  at  least 
two  brushes  and  may  be  more,  but  there  is  always  an  even 
number.  The  brushes  are  held  pressing  ux>on  the  commutator 
by  means  of  hold-on  springs,  and  when  the  dynamo  is  run- 
ning the  commutator  slides  beneath  the  brushes,  with  which 
it  is  always  kept  in  close  contact  by  the  brush  springs. 
The  brushes  are  normally  held  in  a  fixed  position  whilst  the 
machine  is  running,  but  can,  if  it  is  desired,  be  moved  forward 
or  backward  a  certain  distance  by  rotating  the  whole  of  the 
rocker  to  which  the  brushes  are  attached.  The  rocker  is  carried 
on  one  of  the  fixed  bearings  of  the  armature  spindle,  on  which  it 
can  rotate,  but  it  can  be  fixed  at  any  desired  position  and  ren- 
dered immovable  by  means  of  a  pinching  or  clamping  screw. 

8.  The  machine  terminals. — These  are  usually  fixed  to  a  small 
wooden  panel  on  the  side  or  top  of  the  field-magnets  of  the 
machine,  and  it  is  from  these  terminals  that  the  current  is  taken 
off  from  the  machine  by  means  of  conductors  running  to  the 
vats  direct,  or  more  usually  vid  a  switchboard.  The  terminals  are 
also  connected  one  to  each  of  the  brushes  of  the  machine,  and 
also  one  to  each  of  the  ends  of  the  field-magnet  windings. 

9.  The  pulley,  p. — If  the  machine  is  belt-driven  this  is  keyed  to 
the  armature  shaft  at  the  opposite  end  of  the  armature  to  the 
commutator.  If  the  machine  is  not  belt-driven  there  is  a 
coupling  for  direct  coupling  to  its  engine. 

10.  In  many  cases  there  is  also  a  fly-wheel  keyed  on  to  the 
armature  shaft,  especially  when  very  steady  speeds  are  required, 
but  tliis  fly-wheel  may  be,  and  generally  is,  absent.  A  view  of 
an  electro-plating  dynamo  made  by  the  Greneral  Electric  Compauy 
for  10  volts  and  280  ampdres  is  shown  in  Fig.  41.  The  price  of 
this  machine  is  £^0, 


A  dynamo  U  really  only  a  piece  ot  apparatus 
mecbanical  energy  of  gome  Hteam-  or  gaB-engine  ii 
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electric  current,  ami  by  itself  can  give  out  no  energy  nnlesa  it  haa 
mechanica!  energ-y  conntantly  given  to  it  by  tome  engine,  rach  aa  a 
Bltam-engine,  gaa-eogine,  oil-engine,  electric  motor,  or  h  *ater  or 
wiud  turbiuc.  In  aetting  up  a  dynamo  it  is  therefore  ueceseary  to  see 
that  a  Houree  of  a  BufHcient  amount  of  mechanical  energy  is  firat 
provided. 

The  number  of  makers  of  good  and  reliable  dynamos  now  to  be  found 
islHt^,  and  itinditfitult  to  mention  any  parliculBr  machine  or  machinea 
ax  being  apecially  good  In  order,  therefore,  to  purehasp  and  instal  a 
nuituble  dynamo  and  engine  for  any  porpoae  involving  more  than  a 


Fig.  41. — G.  E.  C.  Btectro-ptating  Dynamo,  10  volta,  280  amperes. 

fimall  outlay,  it  in,  if  Ihe  person  deairona  of  obtaining  the  plant  is  not 
an  eh'ctrical  engineer  himiielf,  very  desirable  to  obtain  the  BAraataDce  of  a 
eonmilting  electrical  engineer,  who  will  draw  out  apedficationH  and 
obtain  tendern  for  flupply,  delivery,  and  erection  ;  by  thin  nieana  usuiilly 
a  good  deal  of  money  and  time  ia  aaved,  and  satisfaction  obtained  at 
on  outlay  of  a  BmuU  pcrccnlJige  of  the  total  coat  of  the  plant  inittalled. 
For  small  plants,  however,  and  for  porwins  having  nomc  knowledge  of 
mechanical,  if  not  of  electrical,  engineering,  it  may  he  worth  while 
obtaining  the  dynamo  direct,  and  in  this  caiie  il  in  advii<able  to  write, 
stating  the  following  details,  lo  a  nnmher  of  firms  mauufacturing 
dynamoe,  and  from  their  quotaliona  a  little  conuderaUon  will  enable 
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the  piirohaser  to  select  the  machine  whose  prioei  output,  etc.,  are  best 
suited  to  his  needs  and  pocket : — 

Details  eoneeming  Shunt  Dynamotfor 


Power  available  to  run  dynamo, brake-horse-power. 

Current  required  not  less  than ampdres. 

Volts  required,  about Tolts. 

Speed  at  which  driving  engine  runs,  revs,  per  min. 

The  machine  must  not  spark  under  any  load  u^)  to  full  load  when 
once  the  brushes  are  properly  adjusted. 

The  manufacturer  Ib  asked  to  give  the  following  details  conoeming 
the  machine  offered,  for  the  output  above  stated : — 

Volts  on  machine  on  open  circuit  at  normal  speed. 

Volts  on  machine  at  fuU  load  current,  at  normal  speed. 

State  what  full  load  current  is. 

State  whether  voltage  of  machine  can  be  varied  by  field  rheostat, 
and,  if  so,  between  what  limits. 

State  normal  speed  of  machine. 

State  diameter  and  width  of  face  of  pulleys  supplied. 

State  power  required  to  drive  dynamo  at  its  full  load  at  normal 
speccL. 

State  power  required  to  drive  dynamo,  when  giving  the  number 
of  amperes  specified  as  being  required,  at  normal  speed. 

State  resistance  of  machine  from  brush  to  brush  hot. 

State  temperature  rise  of  armature  and  of  field-magnets  after 
running  for  six  hours  at  the  full  load  current  at  normal  speed. 

State  direction  of  rotation. 

State  price  of  machine  delivered  at   with  fast  and 

loose  pulleys,  belt  fork,  and  striking-gear  complete,  and  if  of 
size  requiring  above  ij  horse-power  to  drive  it,  also  state 
separately  extra  cost  of  foundation  rails  and  belt  tightening 
screws  and  field  rheostat,  if  the  latter  is  advisable. 

Other  things  being  equal,  the  machine  with  the  smallest  resistance 
from  brush  to  brush,  and  the  least  difference  between  its  voltage  at 
zero  load  and  full  load  will  be  found  the  most  satisfactory,  whilst  a 
low  speed  and  a  large  output  ore  also  good  X)oint8  which,  however, 
tmf  ortunately ,  usually  involve  correspondingly  good  prices.  The  same 
remark  is  true  of  a  low  temperature  rise  of  both  armature  and  field- 
magnets  after  a  prolonged  run  at  full  load  (the  rise  should  not  be 
greater  than  about  70"*  Fahr.),  and  also  the  smallness  of  the  power 
required  by  the  machine  to  drive  it  at  full  load.    It  is  particularly 
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neceroary  that  the  power  required  by  the  dynamo  to  diiye  it  at  full 
load  shall  be  stated  in  brake-horse-power,  as  other  unita  of  horse- 
power are  misleading.  It  is  desirable  that  the  speed  should  not  be 
greater  than  about  1,500  per  minute. 

Oare  of  a  Hynamo.- — When  once  a  dynamo  is  erected  and  running,  it 
is  necessary  to  understand  that  by  constantly  observing  certain  simple 
precautions  (which  are  much  more  readily  carried  out  than  is  the  case 
with  the  similar  precautions  required  when  employing  primary  or 
secondary  batteries,  or  indeed  with  thermopiles)  the  life  of  the 
dynamo  can  be  indefinitely  extended,  and,  as  a  matter  of  fact,  the 
repairs  and  depreciations  incidental  to  running  a  properly  looked  after 
dynamo  is  not  a  quarter  of  the  amount  expended  on  a  secondary 
battery  which  is  equally  carefully  attended  to,  whilst  the  time  and 
trouble  necessitated  in  carrying  out  these  precautions  with  the  dynamo 
is  very  much  less  than  is  the  case  with  cells. 

It  is,  if  possible,  Tery  desirable  that  a  dynamo  employed  for  electro- 
plating shall  not  be  used  in  the  same  room  as  that  in  which  the  plating 
tanks  are  situated,  for  otherwise  the  vapours  from  the  vats,  more 
especially  if  these  are  run  hot,  are  liable  to  condense  on  the  machine 
and  rust  it,  and  reduce  its  insulation  resistance  until  at  last  some 
short  circuit  of  tiie  machine  may  occur.  It  must  be  carefully 
remembered  that  probably  the  most  active  agent  in  deteriorating  a 
dynamo  is  damp. 

The  bearings  should  be  kept  well  ofled,  and  for  small  machines  a  light 
mineral  oil  may  be  employed :  it  is,  however,  necessary  to  guard  against 
the  lubricating  oil  creeping  over  on  to  the  armature  and  commutator. 
This  mishap  is  provided  against  in  well-designed  macliines  by  having 
a  V-shaped  ring  shnmk  on  the  shaft  just  outside  the  joiimals,  which, 
as  the  oil  creeps  over  it,  throws  it  off  on  to  a  curved  oil  hood  cast  on  the 
bearings. 

Probably  the  most  important  point  in  the  wear  and  tear  of  a  dynamo 
is  that  involved  in  the  commutator,  and  every  effort  must  be  made  to 
keep  this  small.  The  copx>er  brushes  bearing  on  the  rapidly  rotating 
bars  of  the  commutator  are  gradually  worn  doi^n,  and  in  their  turn  the 
brushes  gradually  wear  more  or  less  severely  the  surface  of  the  com- 
mutator. The  wear  may  be  kept  small  by  seeing  that  the  surface  of 
the  commutator  is  very  lightly  coated  with  a  thin  film  of  vaseline,  and 
the  brushes  must  be  carefully  trimmed.  The  most  destructive  agent 
in  tlie  wear  of  the  commutator  is  not,  however,  the  friction  between 
the  brushes  and  the  commutator  surface,  but  is  due  to  the  sparking 
which  occurs  at  the  brushes.  This  sparking  tends  to  pit  the  siu'fnce  of 
the  metal  where  it  occurs,  and  once  this  pitting  has  taken  place  the 
action  proceeds  at  a  constantly  accelerating  rate.  The  great  thing, 
then,  is  to  avoid  as  far  as  possible  all  sparking.    As  far  as  the 
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attendant  ia  able  to  do  thin  it  can  be  done  by  Beeing  that  the  bnihhes 
are  carefully  filed  to  a  flat  bearing  surface.  For  this  purpose  it  is 
advisable  to  make  a  brush  clamp  of  ca8t  iron,  as  shown  in  Fig.  42. 

The  angle  of  the  slope  at  the  top  of  the  clamp  may  be  set  for  each 
particular  dynamo  and  particular  thickness  of  brush  in  the  following 
manner  :—  Draw  two  parallel  lines  on  a  sheet  of  paper,  Fig.  43,  having 
the  distance  l)etwtH}u  them  equal  to  the  thickness  of  the  brush  which  is  to 
be  employed.  Then  take  a  compass,  and  with  one  \x>hii  at  A,  set  off 
an  arc  whose  radius  is  equal  to  the  thickness  of  about  i|  to  1}  com- 
mutator segments,  cutting  the  other  line  at  the  point  B.  Join  A  to  B 
and  this  line  gives  the  angle  of 
slope  of  the  top  surface  of  the 
required  brush  filing  clamp.  To 
file  up  the  brush  place  it  in  the 
groove  G  of  the  clamp  and  place 
the  covering  piece,  C,  over  the 
brush,  and  then  place  in  a  vice 
and  file  the  top  end  of  the 
copper  with  a  fine  file  with  an 
outward  stroke  only,  until  the 
copper  surface  lies  even  with 
the  sloping  cast-iron  surface  of 
the  top  of  the  clamp.  The 
brush  is  tlien  fastened  in  the 
brush-holder,  so  that  the  sloping 
surface  lies  closely  on  the  sur- 
face of  the  commutator.  If  the 
machine  is  a  two-pole  machine 
the  points  of  contact  of  the 
brushes  are  arranged  at  diame- 
trically opposite  points  on  the 

commutator.  The  pressure  with  which  the  springs  hold  the  brushes 
in  contact  with  the  commutator  is  usually  adjustable,  and  should 
be  arranged  to  be  not  too  heavy  or  the  brushes  cut  the  commu- 
tator severely,  and  not  too  light  or  the  vibration  of  the  running 
machine  causes  the  brushes  to  jump  slightly,  thus  causing  bad 
sparking.  When  sparking  is  observed  at  the  commutator  the  brush 
rocker  must  be  slowly  rotated  backwards  and  forwards  until  some 
point  is  found  at  which  the  sparking  is  absent  or  at  a  minimum,  which 
should  mean  a  very  slight  amount  of  sparking  indeed.  If  this  is  not 
the  case,  at  the  earliest  opportunity  the  brushes  must  be  removed  and 
trimmed  as  already  described,  and  again  adjusted.  If  the  sparking 
still  continues,  and  the  machine  has  previously  worked  sparklessly,  or 
nearly  so,  it  is  probable  that  either  the  machine  is  b^g  overloaded,  in 


Fig.  42. — Brnsh  Trimming  Clamp. 
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which  case  sparking  is  often  quite  unavoidable,  or  some  breakage  has 
occurred  in  the  armature  windings.  Do  not  overload  a  machine  so  as 
to  cause  sparking,  for  to  run  a  machine  with  sparking  brushes  ie  the 
most  extravagant  method  of  running  it  possible.  But  if  the  sparking 
is  not  due  to  this,  but  has  set  in  and  cannot  be  stopped  by  any  of  the 
means  noted  above,  call  in  an  electrician  to  put  the  trouble  right.  Some 
machines,  owing  to  faulty  design,  will  always  spark,  and  it  is  particu- 
larly necessary  in  purchasing  a  machine  to  ascsertain  by  experiment 
that  the  machine  will  run  at  its  full  or  any  lower  load,  with  properly 
adjusted  brushes,  without  any  sparking.     If  a  machine  does  not  spark 

at  the  brushes  the  commutator  quickly  assumes  a 
dark  blackish-brown  polished  appearance,  which  is 
very  characteristic  of  a  properly  run  dynamo.  If  in 
spite  of  all  the  precautions  mentioned  above,  or 
because  of  their  neglect,  a  dynamo  which  did  not 
spark  when  first  set  up  commences  to  spark,  and,  as 
a  result,  the  commutator  gets  out  of  truth  and  is 
no  longer  truly  cylindrical,  but  is  worn  down  at 
certain  points,  either  due  to  the  sparking  or  to  the 
cutting  effect  of  too  largo  a  brush  pressure,  it  is 
advisable  to  adjust  a  slide-rest  parallel  to  the  arma- 
ture spindle,  and  with  a  very  sharp  and  fine-nosed 
tool  turn  down  the  surface  of  the  commutator  until 
it  is  once  more  truly  cylindrical.  Care  must  be 
taken  in  performing  this  operation :  first,  that  a 
very  light  cut  is*  taken ;  second,  that  the  rest  is 
parallel  to  the  armature  spindle,  or  otherwise  the 
surface  of  the  commutator,  after  turning  up,  will  be 

setting  angle  of    eonical  instead  of  cylindrical ;  third,  before  starting 
Brush  Trimmmg  ,  .  •      i;*.     i.       •  Iv  .  . 

Clamp.  *^®  machme  agam  after  turmng  up  the  commutator 

examine  the  commutator  very  carefully  to  ascertain 

whether  any  metallic  copper  has  dragged  across  the  insulation  between 

the  commutator  bars.     If  it  has,  it  must  be  carefully  removed.     It  is 

to  avoid  the  danger  of  this  occurring  that  a  sharp  cutting  tool  and  a 

light  cut  are  necessary  in  the  turning  operation.     Running  the  dynamo 

with  such  a  piece  of  copper  connecting  two  neighbouring  commutator 

segments  may  cause  very  serious  damage  indeed  to  the  armature  and 

necessitate  lengthy  and  expensive  repairs.     It  is  only  in  the  ca«e  of  a 

bad  form  of  dynamo,  or  very  serious  neglect  of  the  prox)er  precautions, 

that  it  should  lx»come  necessary  to  have  recourse  to  turning  the  surface 

true  again.     In  any  ciise  it  is  evident  that  only  just  sufficient  metal 

should  be  removed  by  the  turning  process  to  get  to  the  Ijottom  of  the 

cavities  worn  in  the  commutator. 

The  armature  shaft  may  be  rotated  by  hand  during  the  turning,  and  a 


Fig.  43 
Diagram  for 
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little  milk  or  soap  and  water  may  be  used  as  a  lubricant.  The  tool  should 
be  ooDstantly  re-sharpened.  If  it  is  noticed  that  the  commutator  is  getting 
rather  rough,  but  before  the  trouble  has  gone  so  far  as  to  produce  real 
inequalities  of  any  aze  on  its  surface,  necessitating  re- turning  to  remove 
them,  the  roughness  may  be  conTeniently  removed  by  means  of  a 
cylindrical  segment  cut  in  a  thick  piece  of  board  whose  internal  radius 
is  eqiial  to  the  external  radius  of  the  oommutator.  If  this  cylindrical 
recess  is  lined  with  a  piece  of  the  finest  glass  paper  and  the  dynamo  is 
run  at  its  usual  speed,  the  brushes  being  removed,  then,  if  the  cylin- 
drical recess  lined  with  glass-paper  is  pressed  lightly  upon  the  revolving 
commutator,  it  will  rapidly  smooth  it  up  bright.  This  treatment 
may  also  be  used  after  the  commutator  has  been  re-turned,  in  order 
to  give  it  a  laat  smooth  surface. 

The  dynamo  must  be  kept  as  free  as  possible  from  dust,  and  if  the 
presence  of  dust  is  unavoidable,  then  the  dynamo  itself  must  be 
closed  in  in  some  suitable  cover.  In  any  case,  dust  which  gradually 
collects,  and  especiaUy  the  copper  dust  arising  from  the  wear  of  the 
brushes  and  the  commutator,  may  be  conveniently  removed  from  the 
end  windings  of  the  annaturc  and  other  places  where  it  collects,  by  means 
of  blowing  with  a  pair  of  bellows.  The  foundations  of  the  dynamo 
must  be  firm,  and  the  machine  bed-plate  must  not  move  at  all  perceptibly 
when  the  dynamo  is  being  driven. 

Drltrlns  Belts. — Concermng  driving  belts  Kr.  Watt  remarks  as 
follows :  Most  users  of  dynamo  machines,  polishing  lathes,  and  other 
machinery  driven  by  steam-power  or  gas-engines,  will  have  experienced 
some  trouble  from  the  breaking,  slipping,  or  slackening  of  the  driving 
belts.  Since  a  few  hints  upon  these  matters  may  prove  acceptable,  we 
give  the  following  extracts  from  an  interesting  and  thoroughly  prac- 
tical paper,  by  Mr.  John  Tullis,  of  St.  Ann^s  Leather  Works, 
Glasgfow.* 

**Ifain  Driving  Leather  Bella  should  be  manufactured  so  that  when 
the  joint  is  made  while  the  belt  is  in  its  place,  it  ought  to  present  the 
appearance  of  an  endless  belt.  After  having  been  taken  up  once  or 
twice  during  the  first  year,  good  belts  such  as  these  require  very  little 
attention  during  the  subsequent  years  of  their  long  life.  If  the  belt 
is  driving  in  a  warm  engine-room,  it  ought  to  get  a  coating  of  curriers' 
dubbing  three  times  a  year.  All  belts  having  much  work  to  do  ought 
to  present  a  clammy  fore  to  the  pulley,  and  this  condition  can  be  best 
maintained  by  applying  one  coating  of  dubbing  and  three  coatings  of 
boiled  linseed  oil  once  a  year.  This  oil  oxidises,  and  the  gummy  sur- 
face formed  gives  the  belt  a  smooth,  elastic  driving  face.  A  belt  looked 
after  in  tliis  way  will  always  run  slack,  and  the  tear  and  wear  will  be 
inconsiderable.     On  the  other  hand,  dry  belts  have  to  be  kept  tighter, 

•  Scottish  LeciUker  Trader ^  July,  1885. 
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because  they  slip  and  refuse  to  lift  the  work.  The  friction  of  the 
running  pulley  '  bums  the  life '  out  of  the  belt  while  this  Blippiug  ia 
going  on." 

Fixing  the  Belt. — As  to  which  side  of  the  leather  ought  to  be  placed 
next  the  pulley,  Mr.  TuUia  says,  "  It  is  well  known  that  by  running 
the  grain  or  smooth  side  next  the  pulley,  there  is  considerable  gain  in 
driving  power.  However,  by  using  boiled  linseed  oil,  as  before  men- 
tioned, the^f^A  side  will  soon  become  as  smooth  as  the  grain,  and  the 
driving  power  fully  as  good.  A  belt  working  with  the  grain  side 
next  the  pulley  reaUy  has  a  much  shorter  life  than  the  belt  running 
on  the  flesh  side.  The  reason  is,  the  one  is  working  against  the 
natural  growth  of  the  hide,  while  the  other  is  working  according  to 
nature.  ...  If  you  take  a  narrow  cutting  of  belt  leather,  pull  it 
well,  and  lay  it  down,  you  will  at  once  observe  that  it  naturally 
curves  flesh  side  inwards.  Nature,  therefore,  comes  as  a  teacher,  and 
tells  us  to  run  the  flesh  side  next  the  pulley,  and  practice  proves  this 
to  be  correct." 

Jointing  Beltn. — "  Whether  the  belts  are  new  or  old,  a  properly 
made  joint  is  of  the  first  importance  to  all  users  of  belting.  ...  A 
well-made  butt  joint,  with  the  lace  holes  punched  in  row  of  diamond 
shape,  answers  the  purpose  fully  as  well  as  any.  Care  should  be 
taken  that  the  holes  do  not  come  in  line  across  the  belt.  A  good  lace, 
properly  applied,  with  all  the  strands  of  the  lace  running  lengthwise 
of  the  driving  side  of  the  belt,  will  last  a  long  time  and  costs  little.  If 
a  lap  joint  is  made,  time  should  be  taken  to  thin  down  the  ends  of  the 
lap.  Joints  of  this  sort  should  be  made  to  the  curve  of  the  smallest 
pulley  over  which  the  belt  has  to  work." 

Accumulation  of  Lumps  on  Pulleys  and  Belts. — '*  Dust  should  never  be 
allowed  to  gather  into  a  cake  either  on  puUoy  or  belt,  for  if  so,  the 
fibre  of  the  leather  geta  very  much  strained.  The  belt  is  prevented 
from  doing  its  work  becau.se  this  stranger  defies  the  attempts  made  by 
the  belt  to  get  a  pro]>er  hold  of  the  ptilley." 

Belts  and  Ropes  coming  off  Pulleys. — **  When  a  bearing  gets  heated, 
the  shaft  naturally  becomes  heavy  to  turn.  The  belts  or  ropes,  having 
already  the  maximum  of  power  in  hand  they  are  designed  to  cope 
with,  refuse  this  extra  strain,  and  will  leave  the  pulleys  at  once, 
or  break.  This  accident  directs  the  attention  of  those  in  charge 
to  the  belts  or  ropes,  when  time  is  taken  up  in  consulting  as  to  what  is 
to  be  done.  Meanwhile  the  cause  of  all  the  trouble  gets  time  to  cool, 
and  the  source  of  annoyance  is  never  discovered.  Before  a  new  start 
is  made,  all  bearings  are  well  lubricated.  All  goes  smoothly,  yet 
some  one  is  blamed  for  the  break  down." 

The  aboTO  hints,  coming  as  they  do  from  an  experienced  manu- 
facturer of  leather,  who  is  also  an  extensive  user  of  belting,  should  be 
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valuable  to  those  who,  though  oonstantly  using  diiyiiig  belts,  may 
be  unacquainted  with  the  principles  of  their  action. 

To  Start  tlM  l>yiuuiiO. — All  that  is  necessary  is  to  run  up  the 
speed  of  the  engine,  see  that  the  brashes  of  the  dynamo  are  up,  and 
the  switches  open,  then  throw  over  the  belt  from  ihe  loose  to  the  fixed 
pulley,  and  when  the  machine  is  running  adjust  the  lubricators  to 
give  about  three  or  four  drops  of  oil  per  minute,  or  if  the  lubricators 
ar<^  not  sight-feed,  but  have  worsteds  or  other  adjustments,  see  that 
these  are  properly  set ;  then,  having  noticed  that  the  machine  is  running 
in  the  correct  direction,  which  may  be  done  by  touching  the  conmiutator 
with  the  finger  tip,  put  down  the  brushes,  and  when  the  machine  has 
excited,  and  the  outside  circuit  is  ready,  close  the  switches  and  the 
current  can  then  be  adjusted  to  its  correct  value,  cither  by  means  of  a 
regulating  resiitanco  in  series  with  the^machine  and  the  plating  baths, 
or  by  means  of  what  is  occasionally  convenient,  a  regulating  resistance 
or  rheostat  in  the  shunt  windings  of  the  dynamo,  or  by  both  of  these 
devices. 

To  Stop  tb«  Dynamo. — ^The  main  switch  is  first  opened,  the  belt 
is  then  thrown  on  to  the  loose  pulley  by  the  belt  fork,  and  the  brushes 
are  nused,  and  the  lubricators  stopped  running.  The  brushes  should 
always  be  raised  before  the  machine  comes  to  rest,  but  not  while  run- 
ning full  speed. 

Frle«s  of  Small  Bynamos. — Small  dynamos  for  electro-plating 
can  be  obtained  for  as  ]ow  a  prico  as  about  £io,  up  to  very  large 
prices  for  machines  of  large  output.  In  order  to  give  some  rough  idea 
of  the  prices  at  which  the  smallest  machines  may  be  purchased,  the 
following  details  are  g^ven  of  machines  listed  by  the  General  Electric 
Company,  Ltd.,  69,  Queen  Victoria  Street,  London,  E.G.,  iu  1895. 
Prices  are  probably  somewhat  higher  now  (1901).  One  of  these 
machines  is  shown  in  Fig.  41. 

Catalogue  No.         , 
Current  in  amperes    .        . 
E.  M.  F.  in  volts 
Diameter  of  pulley  in  inches 
Width  of  pulley  face  in  inches  . 
Approx.  revs,  per  minute  . 
Approx.  brake-horse-power 
at  full  load       • 

Price    •       •       .       . 

The  prices  of  small  dynamos,  with  suitable  direct  current  motors  for 
driving  them  on  the  same  shaft.  Fig.  44,  or,  as  they  are  called,  motor- 
dynamos,  which  are  listed  by  the  same  firau  in  an  1899  ^^f  *"^  ^ 
follows : — 
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Fig.  44—1  H.P.  Motor-Dynamo. 


which  tlir  motor  and  dyniuno  wiudiiigrH  )i: 
TiiT.Tiii.ji-  in  H  Hing-le  fi^U,  Fig.  45,  ie,  lis(«d  ul 


500  62  43    o    o  20  X  15  X   1+ 

Tho  voitape  obtained  from  thiw  nKitor-ityiiamos  nr  iliTiiiniodmi  (iiB 
tboiw  in  which  tliore  in  a  fominon  field -niiitruct  to  tlip  motor  and 
Uie  dynamo  armnture  ore  Homttinii'H  called)  can  W  made  of  any  1  alue 
detdred  by  the  purchaser  for  hpeciol  plating  work.  The  dyuamotor  it. 
not  BO  mutable  for  electro-plating  work  an  the  motor-dynamo,  becauae 
the  voltatre  from  the  djTiamo  nidi"  cannot  be  fo  cheaply  'md  readiJy 
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rc)pUated  as  is  the  cane  with  the  motor-dynamo.  In  parrJiaHing  a. 
machino  of  thi"  type  it  is  important  to  obtain  pm'ino  details  before- 
hand of  the  voltB  takpn  by  the  motor,  and  the  volts  delivered  by  the 
dynamo  portion.  Also  the  Tariation  in  the  vult«(te  of  the  dynamo 
portion  from  ^ro  load  right  up  to  tlie  full  loud  rurrent  (whtph  muHt 


1  H.P.  Dynunotor.    For  Electro-plating. 


1.  Maximimi  current  required  from  dyniuno  Armature. 

2.  Voltagt;  required. 

3.  Voltaf^e  of  circuit  from  which  tlie  motor  portion  of  tlie  machine 

4.  Distance  of  point  at  which  motor-dynamo  in  to  be  installed 
from  the  point  where  power  supply  leada  enter  the  building 
(approximately). 

5.  Work  which  the  dynamo  is  to  be  employed  for,  t.g.,  plating, 
metal  refinio^,  cte. 

The  motor-dynamo  is  not  to  Hpark  either  on  the  motor  or  the 
dynamo  side  under  any  toad  up  to  full  load  when  once  the  bmahee  are 
properly  adjusted.     Th<-  dynamo  ride  must  be  shuni  woimd. 
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The  manufaoturer  shoiilcl  be  required  to  give  the  following  details : — 

1.  Normal  speed  at  specified  voltage  of  power  supply  circuit. 

2.  Normal  dynamo  voltage  at  specified  normal  speed  at  zero  load. 

3.  Normal  dynamo  voltage,  motor  being  run  off  specified  power 
supply  voltage,  when  the  dynamo  is  loaded  to  specified  full  load. 

4.  Normal  full  load  current  on  motor  at  specified  power  supply 
voltage. 

5.  Normal  full  load  current  from  dynamo  when  run  at  normal 
specified  speed. 

6.  Temperature  rise  of  field-magnets  and  also  of  the  armature 
or  armatures  after  the  machine  has  been  running  at  full  load  for 
six  hours. 

7.  Price  of  motor-dynamo  or  dynamotor  delivered  and  installed  in 
purchaser's  premises,  the  price  to  include  starting-gear,  switch, 
and  safety  cut-outs  on  the  motor  side.  Full  details  of  the 
starting  apparatus,  main  switch,  and  safety  cut-outs,  if  any, 
which  are  included,  must  be  given. 

8.  State  if  it  is  possible  to  regulate  the  voltage  of  the  dynamo 
output,  and  if  so,  between  what  limits ;  also  state  whether  the 
apparatus  necessary  for  this  voltage  regxdation  is  included  in 
the  price  given  imder  (7),  and  if  not,  give  the  price  for  this 
reg^ulator  installed  complete,  separately. 

Other  things  being  equal  that  motor-dynamo  or  dynamotor  is  the 
most  satisfactory  which  : — 

1 .  Takes  the  smallest  current  at  full  load  from  the  supply  main  at 
the  specified  power  supply  voltage. 

2.  Gives  out  the  largest  current  from  the  dynamo  side  at  the 
specified  plating  voltage. 

3.  Has  the  smallest  variation  of  volts  on  the  dynamo  side  as  the 
load  is  altered  from  zero  to  full  load. 

4.  Has  the  smallest  temperature  rise  under  the  conditions  stated 
above. 

5.  Kuns  at  the  lowest  speed. 

It  is  desirable  that  the  bearings  shall  all  be  fitted  with  automatic 
xing  lubricators  with  oil  level  sight  tubes,  or  in  any  case  sight  feed 
lubricators  shoidd  be  employed. 

It  is  also  very  desirable  that  the  motor  side  of  the  machine  shall  be 
fitted  with  a  double  pole  switch,  a  starting  switch,  double  pole  fuses, 
and  also  an  automatic  zero  current  cut-out.  A  very  convenient  and 
largely  used  form  of  switch,  which  combines  a  starting  switch  and  a  zero 
current  automatic  cut-out,  is  manufactured  and  sold  by  the  Sturtevant 
Engineering  Company,  Limited,  of  75,  Queen  Viotoria  Street,  London^ 
which  is  known  as  the  Cutler-Hammer  Plain  Motor- starting  Xtheostat, 
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with  autumaliu  ztTurjiuTentreleaHe,  Figs,  46  and  47.  It  u  made  Ht  a  pnue 
frura  £1  lOb.  fur  }  B.  H.  P.  mototn:  £2  for  ij  to  i  B,  H,  P.  motora; 
£i  ion,  for  u  3  B.  U.  P.  motor ;  ^4  for  u  5  B.  H.  P.  motor,  up  to 
£l(>  for  H  50  B.  H.  P.  motor. 

It  in,  in  the  writcr'i  upiniou,  quite  ueHeDliul  thut  motoru  iihalt  be  fur- 
nished with  the  luifoty  and  Bturtlug  gear  spccitied  above,  if  trouble  with 
thp  motor  or  the  Kupjily  mains  is  to  be  avoided.  The  whole  cost  of  the 
double  pole  switch,  double  pole  fuse  holder  uiid  fuHee,  and  incltidiiig 
Uie  HtartoDg  switch  and   automatic   mH)(iii:tic    zero  rurreut  output 


Fig.  46.— Motor-st»rting  Switch. 

mentioDed  above,  should  not  cost  more  than  £2  15s.  for  a  ij  to  2 
B,  H.  P.  motor,  not  including  the  coat  of  fliting.  Fur  a  motor  of 
about  J  to  1  B.  H,  P.,  the  coat  will  be  about  ids.  less. 

Having  now  TODiddered  the  various  available  aourccH  of  the  elwtrit 
corrent  with  oh  full  detail  as  the  liuiilo  of  this  treatise  pennite,  we 
must  turn  to  the  queaUoD  of  the  most  auitable  aouree  to  selt-rt  under 
given  conditions  of  work,  Blvrays  bearing  in  mind  the  important 
questions  of  prime  cost,  depreciation,  maintenance,  and  coat  of  energy 
per  given  output  of  the  olectiio  generator. 
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By  the  cost  of  energy  wo  therefore  include  the  cost  of  attendance 
together  with  the  cont  of  the  chemicals  consumed  in  a  battery,  the 
cost  of  the  gaA  or  fuel  burnt  in  a  thermopile,  and  the  cost  of  gas 
burnt  in  a  gas-engine,  oil  in  an  oil-engine,  or  coal  or  other  fuel  under 
the  boiler  supplying  a  steam-engine;  or  li^stly  the  cost  at  which 
electrical  energy  can  be  obtained  from  some  source  of  electric  supply. 
This  source  t)f  electric  supply  is  usually  the  public  electric  power  or 
lightiug  supply  mains,  but  may  also  include  electric  power  obtained  from 
a  neighbouring  premises  or  the  electric  power  obtained  in  a  charged 
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Fig.  47.— Diagram  of  Connections  of  Motor-starting  Switch. 

secondary  battery  supplied  from  some  neighbouring  generator.  The 
possibility  of  obtaining  power  from  either  water  or  wind  turbines  is  at 
present  so  limited  (and  to  all  appearances  will  remain  ho)  that  these 
sources  of  energy  will  not  be  considered  in  any  detail  here. 

Bleetrlc  Oeneratora  fbr  Small  Outputs. — In  any  particular  case 
where  it  is  proposed  to  set  up  some  foiin  of  clwtric  generator  for  a 
small  amount  of  electric  current  for  electro -plating  or  other  small 
electro -metallurgical  operations,  tiio  cinamihtjincos  under  whic^h  the 
installation  is  to  be  made  ai-e,  of  course,  definitely  known,  and  there 
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must  be  aome  definite  Holution  of  the  qaetstion  aa  to  what  particnlar 
generator  to  inHtal.  In  giving  general  advice,  however,  it  i^  difficult 
to  conHider  every  poHidble  condition  which  may  ariae  in  practice,  and  it 
huM  therefore  been  thought  wiue  to  seleot  some  few  definite  cuvea  under 
definite  stated  conditions,  and  give  the  Holutions  for  these,  which,  in 
tho  writer's  opinion,  appear  most  satisfactory,  leaving  to  the  reader 
the  Uuik  of  applying  one  or  other  or  a  combination  of  any  of  these 
solutions  to  his  own  case. 

It  must  be  borne  in  mind,  that  throughout  this  book  the  prices  of 
apparatus  which  are  g^ven  are  only  stated  iu  order  that  some  idea  of 
tho  nature  of  the  outlay  involved  in  a  g^veu  installation  may  be 
obtained.  Prices  vary  from  year  to  year,  and  a  correct  estimate 
can  only  be  made  after  having  obtained  a  tender  to  a  definite  specifi- 
cation. The  prices  given  here,  however,  are  always  taken  from  some 
stated  list. 

Case  I, — No  power,  either  electrical  or  mechanical,  is  available,  and 
it  is  not  possible  to  get  secondary  batteries  charged  in  the  neighbour- 
hood. Under  these  circumstances  it  is  probably  advisable  to  employ 
the  **  Cupron  "  element  up  to  a  current  output  as  large  as  20  amperes 
at  5  volts,  which  will  cost  probably  about  £24  los.,  or  if  the  work  is 
not  very  steady  in  character,  but  is  required  a  good  deal  at  one  time, 
with  periods  of  littie  or  no  work  intervening,  it  is  probably  wiiie  to 
use  the  '^Cupron*'  element  for  currents  up  to  as  high  as  even  30 
amperes  at  5  volts.  The  former  battery,  costing  £24  los.,  may  be  still 
used  for  this  current,  as  the  normal  current  output  of  such  a  battery 
is  24  ampdres,  and  the  maximum  which  may  be  used  is  48  amperes, 
although  it  is  advisable  to  run  the  battery  with  currents  as  near  the 
normal  as  jKHssible,  if  it  is  desired  to  obtain  the  largest  ampere-hour 
efficiency.  If  the  current  required  is  larger  than  30  amperes,  then 
either  a  small  steam-engine,  boiler  and  dynamo,  or  a  gas-engine  and 
dynamo  should  be  purchased.  There  is  not  much  difference  in  the 
prime  cost  of  such  a  combination  for  small  powers,  but  the  room 
rec^uired  and  also  the  small  attention  needed  make  it  desirable  to  pur- 
chase the  gas-engine  combination.  The  total  cost  f.  o.  r.  of  the 
dynamo  yielding  32  amperes  at  5  volts,  is  listed  by  the  Greneral  Elec- 
tric Company,  in  1895,  at  £8  (see  p.  61),  and  the  gas-engines  may  be 
purchased  for  the  following  prices,  taken  from  the  Stockport  Gas- 
Engine  List  of  1 9C». 
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The  cost  of  the  necetisary  water- tanks  is  included  in  these  prioes.  As 
thena  machines  are  fitted  for  constant  speed  for  electric  lighting  with  two 
fly-wheels,  it  is  probable  that  cheaper  eng^es  might  be  purchased.  The 
difference  would  not,  however,  be  much.  The  prioes  alHO  include, 
standard-size  pulley,  patent  anti-pulsating  gas  bag,  exhaust  boxes 
and  the  usual  set  of  spares  with  spanners.  These  engines  are  made 
by  J.  E.  H.  Andrew  &  Co.,  of  Beddish,  near  Stockport.  Agas- 
ougiue  dynamo  plant  therefore,  to  yield  32  ampdres  at  5  volts,  can  be 
purchased  for  about  £44  lOs.,  exclusive  of  erecting,  and  one  to  yield 
56  ampdres  at  5  volts  for  £52  los.,  exclusive  of  erecting.  The  cost 
of  the  *'Cupron"  element  for  various  current  output  is  worked  out 
in  the  following  table  : — 


Volts. 


5 
5 
5 
5 
5 
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Cuxrent. 
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It  must  be  remarked  that  the  prices  stated  for  the  ' '  Cupron  *  *  element, 
ius  given  above,  arc  those  given  on  u  Grerman  list,  and  they  would, 
no  doubt,  be  more  expensive  delivered  in  England.  The  reason  that  the 
WTiter  would  advise  a  gas-engine  dynamo  set  costing  say  £45,  and 
cspable  of  yielding  32  amperes  at  5  volts,  rather  than  a  "  Cupron'* 
element  set  of  cells  having  precisely  the  same  normal  output  as  the 
d>'namo,  is  bcn-ause  the  depreciation  and  upkeep  of  the  *' Cupron" 
elements  would  be  higher  than  is  the  case  ^nth  a  properly  looked  after 
gds-engine  and  dynamo.  A  cheap  vertical  steam-engine  and  boiler, 
packed  and  f.  o.  r.,  is  listed  by  the  General  Electric  Company,  at 
the  follovring  prices :  — 


j 
Brake-horse-power. 
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.4      . 

/49          ;f57 

2h 
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£36 

£43 

£bl 

£^2 

It  is  therefore  evident  that  for  very  small  powers  the  steam-engine 
has  about  the  same  oost  as  the  gas-engine,  but  that  as  the  powers  in- 
crease the  gas-engine  ha,^  the  lowt-r  prime  cost.  For  any  powers  up 
to  about  ten  brako-horsc-ixjwer,  the  present  writer  cousidersi  partly 
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for  reasons  already  pointed  out,  that  the  ^as-cngine  nm  on  town  ga.\ 
ifl  better  for  electro-plating  factories  than  a  steam-engine  of  the  same 
output. 

Case  II. — If,  as  in  the  last  case,  there  is  no  electrical  or  mechanical 
power  available,  and  no  means  for  charging  a  secondary  battery,  and 
there  is  further  no  supply  of  coal-gas  available,  then  a  steam-engine 
dynamo  combination  with  boiler  may  be  purchased  to  yield  32  amp^s 
at  5  volts  for  about  £44,  and  a  similar  combination  to  yield  56  amp^s 
at  5  volts  for  about  £49,  and  when  the  current  required  is  under  about 
20  amperes  for  steady  work,  or  30  amperes  for  variable  work,  the 
'^  Gupron  *'  element  should  be  employed  instead  of  steam-dynamo 
set. 

Cftw  III. — If  sufficient  power  is  available,  as,  for  instance,  from 
some  engine  on  tlui  premises  which  is  only  partially  loaded,  it  is 
probably  better  to  purchase  a  small  dynamo  costing,  say,  £8  or  £10, 
when  the  probable  quantity  of  current  required  is  found  to  be 
greater  than  about  3  or  4  amperes.  Remembering  that  such  a  dynamo 
will  yield  as  much  as  32  amp<^res.  If  a  current  of  less  than  about  3  or 
4  amp^s  is  required  it  is  probably  best  to  purchase  5  No.  II. 
''  Gupron ''  elements,  costing  £2  5s.,  and  yielding,  when  in  series,  2  to 
4  ampdres  at  5  volts.     (Seep,  zi.) 

Caee  IV. — If  an  electric  supply  company  can  supply  a  continuoun 
current  on  the  premises  at  any  reasonable  rate,  then  it  is  probably 
advisable  to  purchase  a  suitable  motor-dynamo  or  dynamotor  directly 
it  is  seen  that  the  current  required  will  be  as  larg^e  as  6  amperes  or  so, 
for  ''  Gupron ''  elements  for  this  output  at  5  volts  would  cost  about 
£3  2s.,  whilst  a  dynamotor  having  an  output  of  8  amperes  would  cost 
about  £12.  Before,  however,  deciding  to  instal  an  electric  motor,  a 
clear  understanding  must  be  arrived  at  as  to  the  conditions  of  charge 
for  power  imder  which  it  will  be  placed.  The  charge  is  reasonably 
low,  in  many  cases  about  2d.  per  Board  of  Trade  unit ;  which  unit,  for 
a  motor-driving  dynamo,  may  be  looked  upon  as  one  horse  power  used 
throughout  one  hour,  or  half  that  power  used  steadily  for  twice  the 
time  and  so  on.  But  in  some  one  or  two  cases  with  which  the  writer 
is  acquainted  a  very  large  charge  is  also  made  per  annum  or  per 
quarter  by  the  supply  corporation  for  each  horse-power  or  fraction  of 
a  horse-power  of  the  motor  installed.  This  appears  to  be  an  arrange- 
ment which  must,  one  would  imagine,  have  a  good  deal  of  effect  in 
discouraging  the  use  of  electricity  for  small  power  units,  a  use  which 
is  generally  understood  to  be  the  great  object  of  supply  companies  to 
foster  in  order  to  increase  their  dividends.  This  heavy  iharge  per 
b.  h.  p.  of  power  taken  by  the  motor  installed  per  annum  is  precisely 
the  Hume  whether  any  power  is  used  or  not,  and  although  not  iinual, 
must,  where  imposed,  be  carefully  considered  when  deciding  on  the 
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installation  of  a  dynamo  driven  by  electric  power.  The  rare  required 
to  keep  a  motor-dynamo  or  dynamotor  running  RatiRfactonly  Ia  Blight, 
and  the  details  are  the  same  as  those  necessary  when  running  a 
dynamo,  described  on  pages  51  to  61.  The  cost  of  about  £1  los.,  or 
perhaps  less,  must  be  added  to  the  above  price  for  the  motor-dynamo  to 
include  a  satisfactory  arrangement  of  the  main  switch,  starting  switch, 
automatic  zero  current  cut  out,  and  fuses,  as  previously  specified  for 
any  electric  motor.     (See  p,  64.) 

Case  V, — If  portable  secondary  cells  can  be  charged  in  the  neigh- 
bourhood at  a  moderate  rate  then  the  secondary  battery  is  cheapo  in 
prime  cost,  and  probably  in  depreciation,  than  the  "  Gupron  **  element. 
For  instance,  a  portable  secondary  battery  cell,  manufactured  by  the 
Electric  Power  Storage  Co.,  of  4,  Great  Winchester  Street,  E.G.,  having 
a  capacity  of  50  ampere-hours,  and  giving  a  safe  maximum  discharge 
at  the  rate  of  9  amperes  at  2*2  volts,  and  which  can,  therefore,  be 
kept  up  over  5  hours,  weighs  21  lbs.  complete,  and  costs  15s.,  whereas 
3  No.  rV.  "  Gupron  "  elements,  which  give  a  safe  diHcharge  at  normal 
current  of  8  amp^s  and  2*4  volts,  can  be  run  for  about  nine  times 
this  length  of  time,  namely,  about  45  hours,  before  they  require  the 
oopper  oxide  regenerating.  Now  each  charge  of  the  secondary 
may,  perhaps,  be  made  at  is.  per  charge,  and,  consequently,  the  cost 
of  the  secondary  battery  and  nine  charges  is  24s.,  whereas  the  price  of 
the  3  No.  IV  "  Gupron  "  elements  is  about  £4  58.  The  "  Gupron" 
elements  can,  of  course,  be  regenerated  at  a  small  cost,  but  there  can 
be  no  doubt  that  secondary  batteries  are  cheaper,  both  in  prime  oost  and 
up-keep,  than  "Gupron"  element  batteries  if  the  battery-charging 
can  be  performed  in  the  neighbourhood  at  a  reasonable  cost  and  with 
reasonable  care  of  the  cells.  It  must,  indeed,  be  remembered  that 
much  damage  may  be  in  time  done  to  secondary  batteries  by  charging 
them  with  currents  much  above  their  specified  charging  currents,  and 
as  the  batteries  sent  in,  to  anyone  undertaking  charging,  usually  vary 
much  in  size  and  the  current  they  require,  there  is  a  good  deal  of 
temptation  to  connect  them  in  series  and  charge  them  all  with  the 
same  current.  If  the  maximum  current  employed,  however,  is  within 
the  smallest  specified  current  for  any  cell  in  the  batch  no  harm  will  be 
done  to  any  of  the  cells  charged  at  too  small  a  current,  the  only 
trouble  being  that  they  will  require  a  longer  charge. 

Below  is  given  a  table  of  the  details  and  prices  of  the  Electrical 
Power  Storage  Go.*s  Q  type  portable  cells,  also  shown  in  Fig.  22,  froni 
their  list  dated  1898. 
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Q  Ttfu  Portable  Secondabt  Battsribs. 
The  pricefl  j^ven  below  arc  for  cellfl  in  lead-lined  wooden  boxee. 
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Gate  VI. — Supposing  that  both  mechanical  power  and  electrical 
power  are  available.  Then  for  small  currents  up  to  about  10  amp^reb 
the  **Cupron"  element  may  be  employed,  or  if  cheap  secondary 
battery  charging  is  available,  secondary  batteries  may  be  conveniently 
used  probably  up  to  as  much  as  40  or  50  ampdres,  but  above  this 
amount  there  is  no  doubt  but  that  a  motor  generator  costing  JS36  los. 
and  yielding  75  amperes  at  5  volts  is  the  best  thing  to  invest  in,  for 
the  up-keep  and  depreciation  of  a  motor  generator  is  very  small  and 
the  power  used  cheap,  whilst  the  up-keep  and  depreciation  of  secondary 
batteries  is  about  20  pei:  cent,  on  their  prime  cost  per  annum,  whilst 
power  obtained  by  external  charging  is  always  expensive. 

The  foregoing  discussions  of  several  definite  cases  are,  however, 
incomplete,  for  they  do  not  and  cannot  take  account  of  several  factors 
which  must  always  be  considered  when  deciding  the  best  course 
to  pursue.  For  instance,  a  very  essential  point  in  commencing  a 
business  may  be  to  keep  the  capital  outlay  small,  and  again,  the 
knowledge  as  to  whether  a  given  output  is  likely  to  remain  steady 
or  to  increase,  or  whether  the  business,  although  averaging  a 
steady  output  during  the  year,  is  likely  to  vary  very  mu(*.h 
from  time  to  time  during  that  year,  are  all  points  with  many 
others  to  which  due  weight  must  be  given.  It  is,  how- 
ever, to  be  hoped  that  the  cases  treated  of  and  the  information  as  to 
prices  g^veh  may  prove  of  assistance  in  guiding  an  intending 
purchaser  of  electric  generators. 

on  Vrodnc«r  CHui. — ^Nothing   has  been  sairl 
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hitherto  of  the  use  of  gas-engmes  run  on  prodnoer  gas,  and  for  thin 
reason,  it  is  not,  in  the  writer^ s  opinion,  an  economical  plan  to  fit  a 
gas-engine  with  a  gas  pToducer  plant  unless  the  output  of  the  engine 
is  well  over  20  h.  h.  p.,  and,  therefore,  although  producer  gas  is  an 
enormous  saving  for  plants  of  larger  output  it  is  not  suited  to  the 
small  plants  we  have  hitherto  considered. 

Oil  BnffliMS. — Oil  eng^es  are  considerahly  mor»  expensive  than 
either  gas  or  steam  cng^es  of  equal  output,  and  they  cannot,  therefore, 
compete  with  these  generators  unless  coal  gas  is  not  to  be  had  and  one 
or  more  of  the  following  conditions  exist : — 

1.  Coal  is  very  dear,  or  there  is  no  facility  for  its  delivery  and 
storage. 

2.  Space  is  of  great  importance. 

3.  A    boiler    and  boiler-furnace  and  flue  are,  for   any  reason, 
objectionable. 

As  it  is  possible  that  such  cases  may  arise,  the  following  prices  may 
prove  of  use. 


Brake  horse-power 

i& 

2j 

3l 

5 

6J 

Price,  including 
water  vessel 

£      6. 

80  15 

£    fl. 

93  10 

£    fi. 
107     5 

£      H. 

129    0 

£    s. 
145     0 

The  above  prices  do  not  include  connections  to  water  vessel,  founda- 
tion bolts,  piping  to  silencer,  nor  pulley. 

The  cost  of  fuel  for  these  engines  is  stated  to  be  under  one  half- 
penny per  brake  horse-power  hour.  These  prices  are  given  in  the 
General  Electric  Co.*s  list  for  1895,  but  apply,  probably,  to  Tangye's 
or  Prientman's  oil  engines.  The  price  of  either  make  is  about  the 
same. 

Adyantages  of  Portable  Cells. — Primary  and  portable  secondary 
battery  cells  have  two  distinct  advantages  over  dynamos,  and  these 
are  :  — 

1 .  Tlicy  can  be  brought  close  to  the  work  It  is  intended  to  treat, 
thus  saving  long  leads.  ^ 

2.  They  can  be  combined  by  connecting  either  in  parallel  or  series 
so  that  the  output  from  them  may  be  varied  considerably  with 
regard  to  the  volts  in  circuit,  which  is  sometimes  useful  for 
diffcTcnt  kinds  of  work. 

These  advantages  are,  however,  not  very  marked  unless  the  work  is 
of  an  iiTogiilar  character.  Moreover,  the  variation  of  the  voltage  of 
the  d\aiaino  may  be  secured  either  by  a  shimt  field  regulating  rheostat, 
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or  by  meanfi  of  a  regfulating^  Tenstanoe  introdnoed  into  tbe  oircnit  in 
■eries  witK  the  plating  Tat  and  the  dynamo. 

aagwlating  BaatstaneM. — When  nrang  a  dynamo  or  batteriea  for 
electro-plating,  It  is  frequently  necesRary  to  vary  the  current  employed, 
whiliit  the  e.  m.  f.  of  the  current  generator  is  constant.  Thus, 
supposmg  that  we  have  a  dynamo  driyen  by  a  gas  engine  whose  speed 
we  cannot  alter  appreciably  and  that  work  is  in  course  of  being  put  into 
the  plating  yats,  it  is  dear  that  the  work  first  put  in  nuty  have  a  very 
much  larger  number  of  amperes  per  square  foot  than  will  be  the  cafie 
with  the  work  which  is  put  in  last,  it  may,  therefore,  be  desirable  to 
somewhat  reduce  the  current  on  the  work  first  put  in  the  bath,  and  this 
may  be  done  ^y  means  of  an  adjustable  resistance  placed  in  circuit  with 
the  leads  running  from  the  dynamo  to  the  bath.  Again,  the  work  plated 
by  the  same  d3mamo  may  be  of  quite  a  different  type  on  different  days, 
R&yer  at  one  time,  gold  at  another,  or  sometimes  alkaline  and  some- 
times acid  copper  baths  and  sometimes  nickel,  or  it  may  happen  that  a 
sihrer,  a  copper,  and  a  nickel  plating  yat  may  all  be  taking  current 
from  the  same  dynamo  at  the  same  time.  Under  each  of  these 
conditions  the  e.  m.  f.  required  and  the  current  density  will  be  different, 
but  if  the  dynamo  has  been  purchased  to  yield  the  highest  electrical 
pressure  required,  any  lower  pressure  at  the  terminals  of  the  plating-yat, 
and  any  desired  current  may  be  obtained  at  will  by  placing  a  suitable 
regulating  resistance  in  circuit  as  described.  What  has  been  said 
about  the  reg^ation  of  dynamos  applies  equally  to  electric  batteries, 
except  that  the  batteries  may  be  employed,  so  to  speak,  to  bmld  up  any 
desiiede.  m.  f.  by  connecting  them  suitably  in  either  parallel  or  series ; 
notwithstanding  the  facility  which  batteries  offer  in  this  respect,  it  is, 
neyeriheless,  most  desirable  that  the  flexible  method  of  controlling  the 
current,  which  is  afforded  by  the  use  of  a  reg^ating  resistance,  should 
be  employed  if  the  best  results  are  to  be  obtained. 

An  electro-plating  plant,  therefore,  should  be  supplied  with 
generators  capable  of  yielding  an  e.  m.  f.  and  a  current  equal  to  the 
greatest  calls  which  are  to  be  made  upon  the  establishment,  but  to 
properly  manipulate  these  quantities  in  order  to  get  the  best  results 
under  ^e  yarying  conditions  of  solution,  nature  of  deposited  metal, 
nature  of  surface  upon  which  deposit  is  to  be  made,  and  the  amount 
of  cathode  surface  at  any  time  in  the  plating  yats,  it  is  most  desirable 
(eVen  when,  as  should  always  be  the  case,  a  shunt  regulator  is  supplied 
with  the  dynamo)  that  some  current-regulating  deyioe  should  be  pro- 
vided. One  of  the  most  generally  useful  of  these  is  the  carbon  plate 
resistance.  It  is  shown  in  Fig.  48,  and  consists  of  a  series  of  carbon 
plates,  0,  in  an  insulated  support,  fitted  with  a  screw  h,  at  one  end. 
The  current  passes  through  the  carbon  plates  in  series,  and  the  resistance 
of  the  pile  yaries  with  the  pressure  with  which  the  plates  are  squeezed 
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togethcT,  Mid  this  if  vnripd  liy  mf  nns  of  tho  \anc  hnnd  sfrcw  at  one 
end  of  tlw  n{ipiinitiiH.  The  uuxt  of  rnich  a  n-ftulntiMi'  cnrlHiu  ri'M^tiuuv 
depeiuU,  of  i«un<e,  npon  itH  nae,  Oue  which  will  take  s"  amp^iT'ii 
continuoiwly  without  hesHiig  to  rednew  in  made  by  Measru.  Parfitt  & 
Webber,  of  Denmark  Street.  Brintol,  for  a  priro  of  £t.  It  coatainn 
50  carbuD  iitatfM,  each  ahout  ]  ins.  square  and  il-in.  thick.  TheH>  are 
inualaled  fnim  the  iron  riidH  at  Uio  xidm  and  botlimi  by  mcaiiH  of  thick 
shn'tM  of  ai<lH''>ti>H  inillboard,  a.  Similar  iwheHtoti  Hheeln  proti^^  the  east 
iron  oiiJ.p]Bti«  from  cominfC  into  ooutaet  with  the  carboim  or  the  gim 
metal  teiminal  plates,  B  b.  To  these  ptatee  the  termiimls  are  screwed. 
There»d»tanceof  such  a  carbon  plate  resistance  may  always  be  halved 
or  reduced  to  any  value,  at  a  given  taghtncRn  of  the  carbon  plftte«. 
Iiy  means  of  a  simple  device — namely,  by  taking  nut  the  trun-met^l 
terminal  plate  and  insertinif  it  between  the  carbons  at  any  other  point 
than  the  extreme  end  of  the  pile  where  its  normal  position  is.  The 
resistance,  therefore,  of  this  apparatus  may  be  reduced  from  that  of 
tiie  whole  pile  of  carbon  plates  loosely  pressed  tOKCther  down  to  that 
of  one  earbon  plate  only,  tightly  clipped  between  the  two  end  or 
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terminal  metal  plates  of  the  apparatus.  There  is  DO  harm  whatever 
to  be  feared  from  running  such  a  carbon  resistance  with  a  current  so 
InrRC  and  for  so  loiijf  a  time  that  the  carbon  plates  are  at  a  dull  ml 
heiit,  provkleil  that  thi>  rcwi-tance  is  Axeii  in  such  a  )xisition  tlmt  there 
is  no  danxiT  of  tiro  l>ein^  caused  by  it.  If  it  is  atood  on  sheet  iron 
whii^h  is  supported  on  bricks,  there  can  be  no  danger  at  all  on  this 
n'munt.  even  if  the  brii'ks  rest  upon  wood. 

Another  form  of  carbon  resistauce  whlcli  is  a  good  deal  cheaper  than 
the  one  last  described  is  made  of  electric  light  carbons,  and  is  shown  in 
Fig.  49.  It  fulfils  thc^  eondittonn  that  sueh  a  rcaiatance  for  electro- 
plating requires,  namely,  Uiat  it  is  cheap,  strong,  of  considerable  range 
of  adjustment,  and  not  easily  damaged  by  moisturo  and  fumes.  It 
consislH  of  a  fixed  rack,  A,  and  a  movable  rack,  B,  both  of  east  iron. 
The  movable  rack  b,  can  be  moved  nearer  to  or  farther  from  a,  and 
can  be  clamped  in  any  position  on  the  board  c,  by  means  of  a  clamping 
Borew,  not  shown  in  the  figure,  which  passes  through  the  hole  n  in 
the  metal  projeution  at  the  right  hand  side  of  B.    This  screw  eiortfl 
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pn<«i<nrp  on  thi-  strip  of  tin,  e,  which  is  let  into  the  bonrd,  but  dots 
not  iDinc  uenrrr  than  uboiit  2  to  3  inchMi  from  the  rnrJi  a.  The  deprFH- 
MODi'  ]□  tht?  rack,  the  mimber  of  whii^h  may  be  us  luxe  an  ix  deidrcd,  hut 
which  the  writer  finds  may  he  ctmTBDiently  two,  ure  made  of  a  corvpd 
outline,  and  ore  meant  to  take  ordinary  electrii^  ''Kht  carbons  of  from 
to  to  15  millimetreH diameter.  A  good i-ontnit  between  thrxc carboDH 
und  tho  metal  racks  U  ubtainid  by  meunH  of  two  ciut  iron  slumping 
bare,  r  f,  only  one  of  which  is  iihown  in  tho  litfure,  tbeec  ore  about 
one  inch  wide.  To  clamp  the  c«rbonii  iioQealGd.  copper  Htrips,  one 
inch  wide,  Ath  of  an  inch  thick,  with  holes  H.t  the  ends,  arc  slipped  on 
the  J  inch  stud  Borewn  a  o  q  o,  the  carbons  are  then  laid  in  iwfdtion 
over  thcw  strips,  and  two  more  similar  strips  of  copper  arr  pliussl  over 
them.  Tho  clamps  are  finally  placed  in  position,  and  are  screwed 
down  with  suffidont  pressure  by  buiterfly  nuts,  screwing  on  to  the 


fig-  49.— AdjuBtaue  i;aTt>on  Koa  iiesisuuice. 
stud  screws.  The  length  of  all  the  copper  Btrips  between  the  holes  in 
theae  ends  is  leea  than  the  distance  measured  along  the  curved  surface 
of  the  iron  racks  and  damps,  and  hence  these  copper  strips  are 
polled  into  tight  contact  with  the  carbon  rods  when  the  butterfly  nuts 
an  screwed  down.  The  terminals  of  the  resistance  are  at  n  R.  Tho 
resistance  may  be  either  employed  horizontally  as  shown,  or  may  be 
hung  on  the  wall  by  mirror  pUtes  or  boots  at  e  i.  This  redstani*  is 
abw  made  by  Mewrs.  Parfltt  and  Webber,  of  Denmark  Street,  Brintol. 
One  with  four  carbons  costs  158.  complete,  whilst  two,  with  two 
carbons  each,  would  cost  about  lis.  or  i:?s.  each.  The  four-carbon 
form*  gives  a  range  tmrn  one  carbon  a  foot  long  as  the  highest  resia- 

*  The  resistance  ol  an  electric  light  carbon,  having  a  diameter  of 
about  14  m.m.  and  not  soft  cored.  I  have  fonnd  to  be  about  01-12  ohms 
per  foot  length  when  carrying  a  current  of  80  ampi'res  in  air.  The 
temperatnre  of  the  carbon  under  these  oonditiani  waa  just  sufficiently 
high  to  blacken  paper  pressed  against  it. — A.  P. 
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UiDro  clown  tn  fonr  in  pnrnllcl,  which  may  he  fihorb^f^  up  by  nhiftfai^ 
thn  rw'k  n  (o  n  length  of  not  more  that  about  4  inchcFi.  The  two 
double-carbon  form  given,  however,  double  thin  range,  i.e.,  from  u 
n  resifltaiicc  of  two  foot  long  ™rbon»  in  Beriei'  down  to  the 
name  value  for  low  resis- 
tanre  na  the  four-oarbon 
form.  The  pricee  given 
above  for  these  reMix- 
taoces  include  (Jiilo 
boards,  which  in  thnl 
caxe  do  not  reqiiiro  tli<' 
strip  of  tin  E,  wbich  in 
intended  to  protect  tlie 
wood  from  the  end  of  Uic 
«iTcw.  Each  carbon  will 
carry  about  30  nmpcre« 
without  becoming  wiffi- 
cienlly  hot  to  get  light  to 

A  variable  liquid  re- 
tdxlance,  sold  hy  the 
General  Electric  Com- 
pany, of  bi).  Queen  Vic- 
toria Street,  ifl  nhown  iu 
Fig.  SO.  It  is  knovfn  an 
Lyons'  Variable  Licjuid 
Kesistance,  it  will  carry 
from  50  to  80  amp^n'fl. 
It  connistn  of  a  utoui- 
ware  jar  24  iucheti  high 
ond  8  inches  in  dianiet«T. 
Each  jar  U  in  a  framr'- 
work,  to  which  is  at- 
i  taohedaraicingorlowiT- 
ing  gear  tor  the  purpo*- 

lead  in  the  po-ealled  nou- 
nacctie  liquid  of  secret 
Fig.  50— Lyons' Variable  1.i.|UidRcsistauee,  coniimsit  ion,  probably  11 
solution  of  some  neutral 
salt.  The  price  of  the  cheapest  of  these  resititauccs  is  high,  luring  over 
£6.  Cheap  adjuBtablc  liquid  resistani^'S  can,  however,  1»  rigfred  up 
on  a  somewhat  dimilar  prineiplc  for  temporary  purposes  by  means 
of  a  larste  jam  jar  and  a  couple  of  lead  plalus  in  sodium  aiilpbalp 
solution. 
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Adjiwtable  wire  naflnUnce*.  Bold  by  MesBrB.  0.  Berend  &  Co.,  of 

Dunediu  Uuiue,  Btuiag-liall  Avenue,  LoniloD,  are  shawo  iu  Figs  ci 

iiud   52.      These   rew»t- 

iim.'OB  CO j|  from  [6  to  19 

"hillingH   each     in     tJio 

form  of  Fig.  $1,  tsrry- 

iiig   a   ciinvnt   uf  fruni 
I  to  15  umpi^ruH :  wbilnt 

roMiBtuuiMM  of    the   form 

i>howD   in    Fig     52,   io 

whivhthei-lepfiHrcDot  HO 

gradual  BH  iu  llie  laoBt- 

anccB  KhoHTi  iu  Fig:.  51, 

the  price  v&ries&om  25  to 

to  45  Hhilliuffs,  accardiug 

to  nize,  the  turront  uar-  Fig.  51.— Adj  "-.table  Wire  Keeistauce. 

ried   varying    alMi   from 

4  amporcH  in  the  analleiit  to  10  lunpfrcs  in  the  largest  size. 

BttarmlnatlttD  of  Uu 
VoUzltT  ol  a«iMntan.— It 
ig  not  infreqaently  neceasary  to 
aacertain  the  polarity  of  a 
dynamo,  or  even  a  buttery,  and 
this  may  lie  done,  in  the  i-aao 
of  a  dynamo,  either  bypaKtiog 
a  current  from  it  through  a 
BolutioD  of  one  part  of  Btron^^t 
Bulphimc:  mid  and  throe  parte  of 
water  coiitsiued  in  au  ordinary 
jam  jar  from  temiinalH  of  lead 
scraped  briglit.  The  greatcat 
cue  must  be  obecrved,  at  leiwt 
in  testing  taiger  mauhines  in 
this  way,  to  preveut  the  two 
lead  strips  coming  into  con- 
tact. They  may  be  conve- 
niently kept  at  a  distance  of 
about  three  inches  from  one 
another.  The  lead  strip  at- 
taohed  to  the  positive  pole  of 
the  dynflino  will  become  of  a 
dark  brown  or  chocolate  colour 
in  about  5  to  10  minutes.  A  quicker  test,  which  may  be  used  with 
either  bnfterleB  or  dyimmoH.  ih  to  employ  pole  finding  paper  made  with 
phcnolphtlialein.    This  paper  is  white,  but  if  it  in  moistened  and  laid 
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oil  II  tablt,  und  the  two  wires  from  the  tennimUB  of  the  dyoamo  or 
biitltiry  are  pressed  upon  it  at  b  diatance  of  nn  inch  from  euth  otlier, 
u  deep  crimson  HUin  will  be  ehown  uoder  the  negative  wire.  Thin 
iii'tion  tiilies  place  ut  ouce.  Such  polo  papera  may  be  piinJuued  at 
u  cheap  rate  made  up  into  little  books. 

OOTMrml  ArruxsaoMat  of  natlns  V»tm.— Fig.  52*  given  a 
Kfoeral  pentpective  view  of  two  vnU  in  h  plating  hhop,  ummgcd  in 
parallel,  with  their  amp^ra-moten  and  regulating  re  ~ 


Fig.  52A.— General  Arrangemeut  ol  Electro,  pla ling  Vitn 

and  a  shaft  along  the  aide  of  each  vat  which,  by  means  of  ecMientnca, 
moves  an  oscillating  frame,  cauaiog  the  work  to  conatanlly  keep  in 
gentle  movenient,  a  movement  which  iw  found  to  be  very  coodiuive  lu 
uniform  platin((  dejioiutB.  L  are  tlio  anode  rodB  and  c  Ihi-  nithortiw. 
It  need  hardly  be  said  that  those  vain  are  intended  for  niekel,  mpppr 
or  Mlver  plating,  but  not  for  gold  work,  which  is  done  in  much  smaller 
vals.  uBually  of  »tonowaie  or  china.  A  somewhat  ttituilur  1  icw  Ik 
lihown  in  Pig.  loS. 


CHAPTER  111. 

HISTORICAL  REVIEW  OF  ELECTRO-DEPOSITION. 

Auiiuuiicenieiit  uf  Jacubi's  Dbcovery.—*  Jordan's  Process  Published. — Jordan's 
Prucetu.— Spencer's  Paper  on  the  ElectroU'pe  Process.— Effect  of 
Spencer's  Paper. — Vindication  of  Jordan's  Claim. — ^Mr.  Dircks  on 
Jordan's  Discovery. — Sir  Henry  Bessemer's  Experiments.— Dr.  Golding 
Bird's  Experiments. — ^Origin  of  the  Porous  Cell. 

Long  before  the  art  of  Electro-deposition  was  founded  upon  a  prac- 
tical basis,  it  was  weU  known,  experimentally,  that  several  metals 
could  be  deposited  from  their  solutions  upon  other  metals,  by  simply 
immersing^  them  in  such  solutions ;  but  this  knowledge  was  of  little 
importance  beyond  the  interesting'  nature  of  the  results  obtained.  The 
schoolboy  had  been  accustomed  to  amuse  himself  by  producing  the 
ever-popular  *'  lead  tree,"  by  suspending  a  piece  of  zinc  attached  to  a 
copper- wire  in  a  solution  of  sugar  of  lead,  or  the  "  silver  tree,"  with 
a  solution  of  nitrate  of  silver  and  mercury  ;  or  he  would  coat  the  blade 
of  his  penknife  with  copper,  by  dipping  it  for  a  moment  in  a  weak 
solution  of  sulphate  of  copper  (bluestone).  But  these,  and  the  Uke 
interesting  facts,  were  of  no  practical  value  in  the  arts.  It  was  also 
known  that  articles  of  steel  could  be  gilt  by  simple  immersion  in  a 
dilute  solution  of  chloride  of  gold  (that  is  g^ld  dissolved  in  aqua  regia), 
or  still  better,  in  an  ethereal  solution  of  the  chloride,  and  Uiis  simple 
process  was  sometimes  adopted  in  the  ornamentation  of  engraved 
articles,  in  imitation  of  the  process  of  datnateming.  The  eyes  of  needles 
were  also  gilt  by  a  similar  process,  and  **  golden-eyed  needles"  became 
popular  amongst  the  fair  sex.  With  this  exception,  however,  the 
deposition  of  metals,  even  by  simple  immersion  in  metallic  solutions, 
was  regarded  as  interesting  and  wonderful,  but  nothing  more. 

As  far  back  as  about  the  year  1820,  the  author's  father  covered  the 
'*  barrels  "  of  quill  pens  with  silver,  by  first  steeping  them  in  a  solution 
of  nitrate  of  silver,  and  afterwards  reducing  the  metal  to  the  metallic 
state  in  bottles  charged  with  hydrogen  gas,  the  object  being  to  protect 
the  quills  from  the  softening  influence  of  the  ink. 

In  the  year  1836,  Professor  Daniell  made  known  his  constant  battery y 
and  in  the  same  year,  Mr.  Do  la  Rue  conHtruct^Hl  a  modification  of  this 
battexy,  in  working  which  he  observed  that  **  the  copper-plate  is  also 
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oovered  with  a  coating  of  metallic  copper  which  is  continually  being 
deposited ;  and  so  perfect  is  the  sheet  of  copper  thus  formed,  that, 
being  stripped  off,  it  has  the  counterpart  of  every  scratch  of  the  plate 
on  which  it  is  deposited.*  Although  this  interesting  observation  did 
not  lead  to  any  direct  application  at  the  time,  it  is  but  reasonable  to 
presume  that  in.  the  minds  of  some  persons  the  important  fact  which 
it  disclosed  would  have  sugg^ested  the  possibility  of  its  being  suscep- 
tible of  some  practical  application.  It  was  not  until  the  following 
year  (1837),  however,  that  the  dectro-deposition  of  metals,  experi- 
mentally, seriously  occupied  the  attention  of  persons  devoted  to 
research,  the  first  of  whom  was  Dr.  Golding  Bird,  who  decomposed 
solutions  of  the  chlorides  of  ammonium,  potassium,  and  sodium,  and 
succeeded  in  depositing  these  metals  upon  a  negative  electrode  of 
mcrcury,t  whereby  he  obtained  their  amalg^ams.  From  the  time 
when  his  interesting  results  became  known,  many  persons  repeated 
his  experiments,  while  others  turned  their  attention  to  electrolysis  as 
a  new  subject  of  investigation,  and  pursued  it  with  different  objects, 
as  will  be  shown  hereafter. 

Mr.  G.  R.  Elkington,  in  1836,  obtained  a  patent  for  *<  Gilding  cop- 
per, brass,  and  other  metals  "  by  immersing  the  articles  in  a  boiling 
alkaline  solution  containing  dissolved  gold.  This  was  followed,  in 
1837,  by  several  other  patents  granted  to  Mr.  H.  Elkington  for  coat- 
ing metals  with  gold  and  platinum,  and  for  gilding  and  silvering 
articles.  In  i8j8,  Mr.  G.  R.  Elkington,  with  Mr.  O.  W.  Barratt, 
patented  a  process  for  coating  articles  of  copper  and  brass  with  zinc, 
by  means  of  an  electric  current  g^erated  by  a  piece  of  zinc  attached 
to  the  articles  by  a  wire,  and  immersing  them  in  a  boiling  neutral 
solution  of  chloride  of  zinc.  This  was  the  first  process  in  which  a 
separate  metal  was  employed  in  electro-deposition. 

AnnonnoOTmint  of  Jaoobi's  Diocovcry. — ^About  the  period  at 
which  the  above  processes  were  being  developed,  it  appears  that 
several  other  persons  were  engaged  in  experiments  of  an  entirely 
different  character  and  of  far  greater  importance,  as  wiU  be  seen  by 
the  results  which  foUowed  their  labours.  In  St.  Petersburg,  Pro- 
fessor Jacobi  had  been  experimenting  in  the  deposition  of  copper  upon 
engraved  copper-plates,  a  notice  of  which  appeared  in  the  Athenaunij 
May  4th,  1839.  The i>aragraph ran  as  follows; — *'  Galvanic  Efigraving 
in  Relief, — ^While  M.  Daguerre  and  Mr.  Fox  Talbot  have  been  dip- 
ping their  pencils  in  the  solar  spectrum, {  and  astonishing  us  with  their 

*  Philosophical  Magazine,  1836. 

t  **  Philosophical  Transactions  of  the  Royal  Society,"  1837. 
1 1 1  was  about  this  period  that  the  famous  Daguerreotype  proctti  of  portrait- 
taking  was  being  developed  in  England. 
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inyentiona  [photograpluc],  it  appears  that  Profefwor  Jacobi,  at  St. 
PeteTBburg,  has  abo  made  a  discovery  which  promisefl  to  be  of  little 
less  importance  to  the  arts.  He  has  found  a  method — if  we  under- 
stand our  informant  rightly — of  conTerting  any  line,  however  fine, 
engraved  on  copper,  into  a  relief  by  galvanic  process.  The  Kmperor  of 
Russia  has  placed  at  the  professor's  disposal  funds  to  enable  him  to 
complete  his  discovery." 

Jordan's  Froesas  Fnbllalisd. — Having  seen  a  copy  of  the  above 
paragraph  inike  Mcehanic^s  Magazincy  May  nth,  1839,  Mr.  J.  C. 
Jordan,  of  London,  eleven  days  afterwards  sent  a  communication  to 
the  editor  of  that  journal,  in  which  he  put  in  his  daim — if  not  to 
priority,  as  far  as  Jacobi  was  concerned,  at  least  to  prove  that  ho  had 
been  experimenting  in  electro-dei)08ition  some  twelve  months  before 
the  announcement  of  Jacobi's  discovery  was  published  in  this  coimtry . 
Indeed,  Jordan's  communication  did  more,  for  it  contained  a  definite 
procesSf  and  since  this  was  undoubtedly  the  first  publication  of  the 
kind  which  had  appeared  in  England,  the  merit  of  originality — so  far 
as  publication  goes — is  clearly  due  to  Jordan.  As  an  important  item 
in  the  history  of  electro-deposition,  we  give  the  subjoined  extract 
from  his  letter  from  ihe  Mechanic* a  Magazine^  June  8th,  1839.  The 
letter  was  headed  ^'  Engraving  by  Gkdvanism." 

Jordan's  ProcsM. — '^  It  is  well  known  to  experimentalists  on  the 
chemical  action  of  voltaic  electricity  that  solutions  of  several  metallic 
salts  are  decomposed  by  its  agency  and  the  metal  procured  in  a  free 
state.  Such  results  are  very  conspicuous  with  copper  salts,  which 
metal  may  be  obtained  from  its  sulphate  (blue  vitriol)  by  simply  im- 
mersing the  poles  of  a  galvanic  battery  in  its  solution,  the  negative 
wire  becoming  gradually  coated  with  copper.  This  phenomenon  of 
metallic  reduction  is  an  essential  feature  in  the  action  of  suataining 
batteries,  the  effect  in  this  case  taking  place  on  more  extensive  sur- 
faces. But  the  form  of  voltaic  apparatus  which  exhibits  this  result  in 
the  most  interesting  manner,  and  relates  more  immediately  to  the  sub- 
ject of  the  present  communication,  maybe  thus  described : — It  consists 
of  a  glass  tube  closed  at  one  extremity  witli  a  plug  of  plaster  of  Paris, 
and  nearly  filled  with  a  solution  of  sulphate  of  copper.  This  tube  and 
its  contents  are  immersed  in  a  solution  of  common  salt.  A  plate 
of  copper  is  placed  in  the  first  solution,  and  is  connected  by  means  of 
a  wire  and  solder  with  a  zinc  plate,  which  dips  into  the  latter.  A 
slow  electric  action  is  thus  established  through  the  pores  of  the  plaster 
which  it  is  not  necessary  to  mention  here,  the  result  of  which  is  the 
precipitation  of  minutely -crystallised  copper  on  the  plate  of  that  metal 
in  a  state  of  greater  or  less  malleability,  according  to  the  slowness  or 
rapidity  with  which  it  is  deposited.  In  some  experiments  of  thif- 
nature,  on  removing  the  oopi)6r  thus  formed,  I  remarked  that  the  sur- 
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face  m  contact  with  the  plate  equalled  the  latter  in  Rmoothnesi 
and  polish,  and  mentioned  this  fact  to  some  individuals  of  my 
acquaintance.  It  occurred  to  me  therefore,  that  if  the  surface  of  the 
plate  was  engrartdy  an  impression  might  be  obtained.  This  was  found 
to  be  the  case,  for,  on  detaching  the  precipitated  metal,  the  more  deli- 
cate and  superficial  markings,  from  the  fine  particles  of  powder  used 
in  xx>lishing,  to  the  deeper  touches  of  a  needle  or  g^raver,  exhibited 
their  corresponding  impressions  in  relief  with  great  fidelity.  It  is, 
therefore,  evident  that  this  principle  will  admit  of  improvement  and 
that  casts  and  moulds  may  be  obtained  from  any  form  of  copper. 

*'  This  rendered  it  probable  that  impressions  might  be  obtained  from 
those  other  metals  having  an  electro -negative  relation  to  the  zinc  plate 
of  the  battery.  With  this  view  a  common  printing  type  was  substi- 
tuted for  the  copperplate  and  treated  in  the  same  manner.  This  also 
was  successful ;  the  reduced  copper  coated  that  portion  of  the  type 
immersed  in  the  solution.  This,  when  removed,  was  found  to  be 
a  perfect  matrix,  and  might  be  employed  for  the  purpose  of  casting 
when  time  is  not  an  object. 

**  It  appears,  therefore,  that  this  discovery  may  possibly  be  turned 
to  some  practical  account.  It  may  be  taken  advantage  of  in  procuring 
casts  from  various  metals  as  above  alluded  to ;  for  instance,  a  copper 
die  may  be  formed  from  a  cast  of  a  coin  or  medal,  in  silver,  tyx>emetal, 
lead,  &c.,  which  may  be  employed  for  striking  impressions  in  soft 
metals.  Casts  may  probably  be  obtained  from  a  plaster  surface  sur- 
rounding a  plate  of  copper ;  tubes  or  any  small  vessel  may  aliK) 
be  made  by  precipitating  the  metal  around  a  wire  or  any  kind  of  sur- 
face to  form  the  interior,  which  may  be  removed  mechanically  by  the 
aid  of  an  acid  solvent,  or  by  heat."     [May  22nd,  1839.] 

It  is  a  remarkable  fact  that  Jordan^s  letter,  regardless  of  the  valu- 
able information  it  contained,  conmianded  no  attention  at  the  time. 
Indeed,  the  subject  of  which  it  treated  (as  also  did  Jacobi's  announced 
discovery),  apparently  passed  away  from  public  view,  until  a  paper  by 
Mr.  Thomas  Spencer,  of  Liverpool,  was  read  before  the  Liverpool 
Philosophical  Society  on  the  12th  of  September  in  the  same  year. 
Omitting  the  prefatory  observations  with  which  the  paper  commenced, 
its  reproduction  will  form  a  necessary  link  in  the  chain  of  evidence 
respecting  the  origin  of  the  electrotype  process,  and  assist  the  reader 
in  forming  his  own  judgment  as  to  whom  the  merit  of  the  discovery 
is  really  due. 

Spencer's  Paper  on  the  Bleetrotype  Frooeee. — '*  In  September, 
1837,  I  was  induced  to  try  some  experiments  in  electro-chemistry  with 
a  single  pair  of  plates,  consisting  of  a  small  piece  of  zinc  and  an  equal 
sized  piece  of  copper,  connected  together  with  a  piece  of  wire  of  the 
latter  metal.    It  was  intended  that  the  action  should  be  alow ;  the 
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iluidfl  in  which  the  metallic  electrodcR  were  immersed  were  in  oonae- 
quence  Hcparated  by  a  thick  disc  of  plaster  of  Paris.  In  one  of  the 
cells  was  sulphate  of  copper  solution,  in  the  other  a  weak  solution  of 
common  salt.  I  need  scarcely  add  that  the  copper  electrode  was  placed 
in  the  cupreous  solution,  not  because  it  is  directly  connected  with  what 
I  have  to  lay  before  the  society,  but  because,  by  a  portion  of  its 
results,  I  was  induced  to  come  to  the  conclusion  I  have  done  in  the 
following  paper.  I  was  desirous  that  no  action  should  take  place  on  the 
wire  by  which  the  electrodes  were  held  together.  To  attain  this  object 
I  varnished  it  with  sealing-wax  varnish  ;  but,  in  so  doing,  I  dropped 
a  portion  of  it  on  the  copper  that  was  attached.  I  thought  nothing 
of  this  circumstance  at  the  moment,  but  put  the  experiment  in  action. 

**  The  operation  was  conducted  in  a  glass  vessel ;  I  had,  conse- 
quently, an  opportunity  of  occasionally  examining  its  progress. 
When,  after  the  lapse  of  a  few  days,  metallic  ciystals  had  covered  the 
copper  electrode,  ttnth  the  exception  of  that  portion  which  had  been 
spotted  with  the  drops  of  varnish,  I  at  once  saw  that  I  had  it  in  my 
power  to  g^ide  the  metallic  deposition  in  any  shape  or  form  I  chose 
by  a  corresponding  application  of  varnish  or  other  non-metallic 
substance. 

**  I  had  been  long  aware  of  what  every  one  who  uses  a  sustaining 
galvanic  battery  with  sulphate  of  copper  in  solution  must  know,  that 
the  copper  plates  acquire  a  coating  of  copper  from  the  action  of  the 
battery ;  but  I  had  never  thought  of  applying  it  to  a  useful  purpose 
before.  My  first  essay  was  with  a  piece  of  thin  copper-plate,  having 
about  four  inches  of  superfices,  with  an  equal -sized  piece  of  zinc, 
connected  tog^ether  with  a  piece  of  oop})er  wire.  I  gave  iAxe  copper  a 
coating  of  soft  cement  consisting  of  bees-wax,  resin,  and  a  red 
earth — Indian  or  Calcutta  red.  The  cement  was  compounded  after 
the  manner  recommended  by  Dr.  Faraday  in  his  work  on  chemical 
manipulation,  but  with  a  larger  proportion  of  wax.  The  plate  re- 
ceived its  coating  while  hot.  On  cooling,  I  scratched  the  initials  of 
my  own  name  rudely  on  the  plate,  taking  special  care  that  the  cement 
was  quite  removed  from  the  scratches,  that  the  copper  might  be 
thoroughly  exposed.  This  was  put  into  action  in  a  cylindrical  glass 
vessel  about  half  filled  with  a  saturated  solution  of  sulphate  of  copper. 
I  then  took  a  common  gas  glass,  similar  to  that  used  to  envelop  an 
argand  burner,  and  filled  one  end  of  it  with  plaster  of  Paris  to  the 
depth  of  three-quarters  of  an  inch.  In  this  I  put  some  water,  adding 
a  few  crystals  of  sulphate  of  soda  to  excite  action,  the  plaster  of  Paris 
serving  as  a  partition  to  separate  the  fluidp,  but  sufficiently  porous  to 
allow  the  electro-chemical  fluid  to  penetrate  its  substance. 

''I  now  bent  the  wires  in  such  a  form  that  the  zinc  end  of  the 
arrangement  should  be  in  the  saline  solution,  while  the  copper  end 
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should  be  in  the  cupreous  one.    The  ga8  glauB,  with  the  wiie,  was 
then  placed  in  the  vessol  containing  the  sulphate  of  copper. 

**  It  was  then  suffered  to  remain ,  and  in  a  few  hours  I  peroeiTed 
that  action  had  commenced,  and  that  the  portion  of  the  copper 
rendered  bare  by  the  scratches  was  coated  with  a  pure  bright  de- 
posited metal,  whilst  all  the  surrounding  portions  were  not  at  aJl  acted 
upon.  I  now  saw  my  former  observations  realised ;  but  whether  the 
deposition  so  formed  would  retain  its  hold  on  the  plate,  and  whether 
it  would  be  of  sufficient  solidity  or  streng^  to  bear  working  if  applied 
to  a  useful  purpose,  became  questions  which  I  now  endeavoured  to 
solve  by  experiment.  It  also  became  a  question  whether,  should  I  be 
successful  in  these  two  points,  I  should  be  able  to  produce  lines 
sufficiently  in  relief  to  print  from.  The  latter  appeared  to  depend 
entirely  on  the  nature  of  the  cement  or  etching  ground  I  might  use. 

'^This  last  I  endeavoured  to  solve  at  once.  And,  I  may  state, 
this  appeared  to  be  the  principal  difficulty,  as  my  own  impression 
then  was  that  little  less  than  Jth  of  an  inch  of  relief  would  be 
requisite. 

**  1  then  took  a  piece  of  copper,  and  gore  it  a  coating  of  a  modifica- 
tion of  the  cement  I  have  already  mentioned,  to  about  Jth  of  an  inch 
in  thickness ;  and,  with  a  steel  point,  endeavoured  to  draw  lines  in 
the  form  of  net- work,  that  should  entirely  penetrate  the  cement,  and 
leave  the  surface  of  the  copper  exposed.  But  in  this  I  experienced 
munh  difficulty,  from  the  thickness  I  deemed  it  necessary  to  use; 
more  especially  when  I  came  to  draw  the  cross  lines  of  the  net-work. 
When  the  cement  was  soft,  the  lines  were  pushed  as  it  were  into  each 
other ;  and  when  it  was  made  of  a  harder  texture,  the  intervening 
squares  of  net-work  chipped  off  the  surface  of  the  metallic  plate. 
However,  those  that  remained  perfect  I  put  in  action  as  before. 

**  In  the  progress  of  this  experiment,  I  discovered  that  the  solidity 
of  the  metallic  deposition  depended  entirely  on  the  weakness  or 
intensity  of  the  electro -chemical  action,  which  I  found  I  had  in  my 
power  to  regulate  at  pleasure,  by  the  thickness  of  the  intervening  wall 
of  plaster  of  Fans,  and  by  the  coarseness  and  fineness  of  the  material. 
I  made  three  similar  experiments,  altering  the  texture  and  thickness 
of  the  plaster  each  time,  by  which  I  ascertained  that  if  the  plaster 
partitions  were  thin  and  coarse ^  the  metallic  depositions  proceeded  with 
great  rapidity^  but  the  crystals  were  friable  and  easily  separated ;  on 
the  other  hand,  if  I  made  the  partition  thicker,  and  of  a  little  finer 
material,  the  action  was  much  slower,  and  the  metallic  deposition  was 
as  solid  and  ductile  as  copper  formed  by  the  usual  methods,  indeed, 
when  the  action  was  exceedingly  slow,  I  have  had  a  metallic  depo- 
sition apparently  much  harder  than  common  sheet  copper  but  more 
)t)rittle. 
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**  There  was  one  most  important  (and,  to  me,  discouraging') 
ciromnfitanoe  attending  these  experiments,  which  was  that  when  I 
heated  the  plates  to  get  off  the  covering  of  cement,  the  meshes  of 
copper  net- work  invariahly  came  off  with  it.  I  at  one  time  imagined 
this  difficulty  insuperable,  as  it  appeared  to  me  that  I  had  cleared  the 
cement  entirely  from  the  surface  of  the  copper  I  meant  to  have  ex- 
posed, but  that  there  was  a  difference  in  the  molecular  arrangement  of 
copper  prepared  by  heat  and  that  prepared  by  voltaic  action  which 
prevented  their  chemical  combination.  However,  I  then  determined, 
should  this  prove  so,  to  turn  it  to  account  in  another  manner,  which  I 
shall  relate  in  a  second  portion  of  this  paper.  I  then  occupied  myuelf 
for  a  considerable  period  in  malriTig  ezperinients  on  this  latter  section 
of  the  subject. 

"  In  one  of  them  I  found  on  examination  a  portion  of  the  copper 
deposition,  which  I  had  been  forming  on  the  surface  of  a  coin,  ad- 
hered so  strongly  that  I  was  quite  unable  to  get  it  off ;  indeed,  a 
chemical  combination  had  apparently  taken  place.  This  was  only  in 
one  or  two  spots  on  the  prominent  parts  of  the  coin.  I  immediately 
recollected  that  on  the  day  I  put  the  experiment  in  action  I  had  been 
using  nitric  acid  for  another  purpose  on  the  table  I  was  operating  on, 
and  that  in  all  probability  the  coin  might  have  been  laid  down  where 
a  few  drops  of  the  acid  had  accidentally  fallen.  I  then  took  a  piece 
of  copper,  coated  it  with  cement,  made  a  few  scratches  on  its  surface 
until  the  copper  appeared,  and  immersed  it  for  a  short  time  in  dilute 
nitric  acid,  until  I  perceived,  by  an  elimination  of  nitrous  gas,  that 
the  exposed  portions  were  acted  upon  sufficiently  to  be  slightly 
corroded.  I  then  washed  the  copper  with  water,  and  put  it  in  action, 
as  before  described.  In  forty-eight  hours  I  examined  it,  and  found 
the  lines  were  entirely  filled  with  copper ;  I  applied  heat,  and  then 
spirit  of  turpentine,  to  get  off  the  cement ;  and,  to  my  satisfaction,  I 
found  that  the  voltaic  copper  had  completely  combined  itself  with  the 
sheet  on  which  it  was  deposited. 

**  I  then  gave  a  plate  a  coating  of  cement  to  a  considerable  thick- 
ness, and  sent  it  to  an  engraver  ;  but  when  it  was  returned,  I  found 
the  lines  were  cleared  out,  so  as  to  be  wedge-shaped,  or  somewhat  in 
form  of  a  V,  leaving  a  hair  line  of  copper  exposed  at  the  bottom  and 
broad  space  near  the  surface  ;  and  where  the  turn  of  the  letters  took 
place,  the  top  edges  of  the  lines  were  galled  and  rendered  raggped  by 
the  action  of  the  graver.  This,  of  course,  was  an  important  objection, 
which  I  have  since  been  able  to  remedy  in  some  respects  by  alteration 
in  the  shape  of  the  graver,  which  should  be  made  of  a  shape  more 
resembling  a  narrow  parallelogram  than  those  in  common  use ; 
some  of  the  eng^vers  have  many  of  their  tools  so  made.  I  did  not 
put  this  plate  in  action,  as  I  saw  that  the  lines,  when  in  relief,  would 
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have  been  broad  at  the  top  and  narrow  at  the  bottom.  I  took  another 
plate,  guve  it  a  coating  of  the  wax,  and  had  it  written  on  with  a  mere 
point.  I  deposited  copper  on  the  lines  and  afterwards  had  it  printed 
from. 

'*  I  now  considered  part  of  the  difficulties  removed;  the  principal 
one  that  yet  remained  was  to  find  a  cement  or  etching-ground,  the 
texture  of  which  should  be  capable  of  being  cut  to  the  required 
depth,  and  without  raising  what  is  technically  termed  a  buir,  and  at 
the  same  time  of  sufficient  toughness  to  adhere  to  the  plates  where 
reduced  to  a  small  isolated  point,  which  would  necessarily  occur  in 
the  operation  which  wood-eng^vers  term  cross-hatching. 

*^  I  tried  a  number  of  experiments  with  different  combinations  of 
wax,  resin,  varnishes  and  earths,  and  also  metallic  oxides,  all  with 
more  or  less  success.  The  one  combination  that  exceeded  all  others 
in  its  texture,  having  nearly  every  requisite  (indeed,  I  was  enabled  to 
polish  the  surface  nearly  as  smooth  as  a  plate  of  glass),  was  principally 
composed  of  virgin  wax,  resin,  and  carbonate  of  lead — the  white-lead 
of  the  shops.  With  this  compound  I  had  two  plates,  5  inches  by  7, 
coated  over,  and  portions  of  maps  cut  on  the  cement,  which  I  had 
intended  should  have  been  printed  off  and  laid  before  the  British 
AjBsociation  at  its  meeting." 

BlliBet  of  fl!p«iie«r'B  Paper. — ^When  Spencer*s  paper  was  published 
it  at  once  commanded  profound  attention,  and  many  persons  practised 
the  new  art  either  for  amusement  or  scientific  research,  while  others 
turned  their  attention  to  it  with  a  view  to  m^iking  it  a  source  of  com- 
mercial profit.  It  was  not,  however,  until  Mr.  Kobert  Murray,  in 
January,  1840,  informed  the  members  of  the  Boyal  Institution, 
London,  that  he  had  discovered  a  method  of  rendering  non-conduct- 
ing surfaces — such  as  wax,  &c. — conductive  of  electricity  by  employ- 
ing plumbago,  or  black  lead,  that  the  art  became  really  popular  in  the 
fullest  sense.  This  conducting  medium  was  the  one  thing  wanted  to 
render  the  process  facile  and  complete  ;  and  soon  after  Mr.  Murray's 
invaluable  discovery  had  been  made  known,  thousands  of  persoiLS  in 
every  grade  of  life  at  once  turned  their  attention  to  the  electrotype 
process  until  it  soon  became  the  most  popular  scientific  amusement 
that  had  ever  engaged  the  mind,  we  may  say,  of  a  nation.  The  sim- 
plicity of  the  process,  the  trifling  cost  of  the  apparatus  and  materials, 
and  the  beautiful  results  which  it  was  capable  of  yielding,  without 
any  preliminary  knowledge  of  science,  all  combined  to  render  the  new 
art  at  once  popular  in  eyery  home.  Every  one  practised  it,  including 
the  youth  of  both  sexes. 

It  is  not  to  be  wondered  at  that  an  art  so  fascinating  should  have 
produced  more  than  an  ephemeral  effect  upon  the  minds  of  some  of 
those  who  pursued  it.    Indeed,  it  is  wiUiin  our  own  knowledge  that 


MB.    DIBOKS   ON   JORDAN'S   DI8GOVESY.  87 

niany  a  youih  whose  first  introduction  to  chemical  manipulation  was 
the  electro -deposition  of  copper  upon  a  sealing-wax  impression  of  a 
signet-ring  or  other  small  object,  acquired  therefrom  a  taste  for  a 
more  extended  study  of  scientific  matters,  which  eventually  led  up  to 
his  devoting  himself  to  chemical  pursuits  for  the  remainder  of  his 
days.  At  the  period  we  refer  to  there  were  but  few  institutions  in 
this  country  for  the  encouragement  of  scientific  study.  One  of  the 
most  accessible  and  useful  of  these,  however,  was  that  founded  by 
Dr.  Birkbeck,  the  weU-known  Literary  and  Scientific  Institution  at 
that  time  in  Southampton  Buildings,  London. 

Vindication  of  Jordan's  Claim. — ^Although  Jordan's  letter  was 
published,  as  we  have  shown,  three  months  prior  to  the  reading  of 
Spencer's  paper  in  Liverpool,  that  important  communication  was 
overlooked,  not  only  by  the  editor  of  the  journal  in  which  it  appeared, 
but  also  by  the  scientific  men  of  the  period.  Even  the  late  Alfred 
Smee,  to  whose  memory  we  are  indebted  for  the  most  delightful  work 
on  electro -metallurgy  that  has  appeared  in  any  language,  failed  to 
recognise  the  priority  of  Jordan' 8  claim.  Lnpelled  by  a  strong  sense 
of  justice,  however,  the  late  Mr.  Henry  Dircks  wrote  a  series  of 
articles  in  the  Mechanic's  Magazine  in  1844,  ^  which  he  proved  that 
whatever  merit  might  have  been  due  to  Spencer  and  Jacobi,  Jordan 
was  unquestionably  the  first  to  publish  a  process  of  electrotyping. 
Lideed,  he  went  fiuther,  for  he  proved  that  the  electro-deposition  of 
copper  had  been  accomplished  practically  long  before  the  publication 
of  any  process.  Before  entering  into  the  merits  of  Jordan's  priority. 
Mr.  Dircks  makes  this  interesting  statement : — 

Wtt.  Blroks  on  Jordan's  Macovsiy. — **The  earliest  application 
of  galvanic  action  to  a  useful  and  ornamental  purpose  that  I  am 
acquainted  with  was  practised  by  Mr.  Henry  Bessemer,  of  Baxter 
House,  Camden  Town,  who,  above  ten  years  ago  [about  1832] 
employed  galvanic  apparatus  to  deposit  a  coating  of  copper  on  lead 
castings.  The  specimens  I  have  seen  are  antique  heads  in  relief,  the 
whole  occupying  a  space  of  3  inches  by  4  inches.  They  have  lain  as 
ornaments  on  his  mantel-piece  for  many  year^,  and  have  been  seen  by 
a  great  number  of  persons." 

Appreciating — ^from  its  historic  and  atiientific  interest — the  impor- 
tance of  the  above  statement,  it  occurred  to  the  author  that  if  the 
means  adopted  at  so  early  a  period  in  electro -metallurgical  hi.story 
could  become  known,  this  would  form  an  important  link  in  the  chain 
of  research  respecting  the  deposition  of  metals  by  electrolysis.  He, 
therefore,  wrote  to  Sir  Henry  Bessemer,  requesting  him  to  furnish 
such  particulars  of  the  method  adopted  by  him  in  depositing  copper 
upon  the  objects  referred  to  as  lay  in  his  power  after  so  long  a  period 
of  timo.    With  kind  courtesy,  and  a  generous  desire  to  comply  with 
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the  author' 8  wishes,  Sir  Henry  took  the  tronble  to  furnish  the  infor- 
mation conveyed  in  the  following  interesting  oommnnicationy  which 
cannot  fail  to  be  read  with  much  gratification  by  all  who  have 
studied  the  art  of  electro -deposition,  either  from  its  scientific  or  prac- 
tical aspect.  When  we  call  to  remembrance  the  numerouB  inventions 
with  which  the  active  mind  of  Sir  Henry  Bessemer  has  been  associated 
during  the  greater  portion  of  the  present  century,  culminating  in  his 
remarkably  successful  improvements  in  the  manufacture  of  steel,  it  is 
pleasing  to  read  that  at  the  youthful  age  of  eighteen — when  voltaic 
electricity  was  but  little  understood,  and  DanieU*8,  Grove's,  and 
Smee's  batturies  unknown — ^ho  was  engaged  in  experiments  with 
metals,  which  were  evidently  conducted  with  an  amount  of  patience 
and  careful  observation  which  would  have  been  highly  creditable  in  a 
person  of  more  advanced  years. 

Sir  Huiry  8ttSMm«r's  Bzp«rlin«nta. — Replying  to  the  author*s 
inquiry  of  Sir  Henry  B?ssemer  (in  January,  1885)  as  to  the  method  h- 
had  adopted  in  coating  with  copper  the  objects  referred  to  above,  Sir 
Henry  wrote  as  follows ;  and  the  minuteness  of  the  details,  given  after 
so  great  a  lapse  of  time,  will  doubtless  strike  the  reader  with  some 
astonishment : — 

**  I  have  much  pleasure  in  replying  to  your  note  of  inquiry  in 
reference  to  the  deposition  of  copper  from  its  solutions  on  white  metal 
castings. 

**  My  first  experiments  bogfan  when  I  was  about  eighteen  years  of 
age,  say  in  1831-2.  At  that  period,  after  much  practice,  I  was  most 
successful  in  producing  castings  of  natural  objects  in  an  alloy  of  tin, 
bismuth,  and  antimony.  In  this  alloy  I  cast  such  things  as  beetles, 
frogs,  prawns,  &c. ;  also  leaves  of  plants,  flowers,  moss-rose  buds ; 
and  also  medallions,  and  larger  works  in  basso-relievo.  By  my 
system  of  casting  in  nearly  red-hot  metal,  the  metal  was  retained  for 
ten  or  fifteen  minutes  in  a  state  of  perfect  fluidity  in  the  mould, 
and  hence,  by  its  pressure,  forced  itself  into  every  minute  portion  of 
the  natural  object,  whatever  it  might  be ;  thus  every  minute  thorn 
on  the  stem  of  the  rose  was  produced  like  so  many  fine  projecting 
needles.  I  exhibited  several  of  these  castings,  coated  with  copper,  at 
*  Topliss's  Museum  of  Arts  and  Manufactures,'  at  that  time  occupy- 
ing the  site  of  the  present  National  Gallery,  and  which  museum  was 
aften^'ards  removed  to  a  large  building  in  Leicester  Square,  now  the 
Alhambra  Theatre,  where  I  also  exhibited  them. 

**  Beautiful  as  were  the  forms  so  produced,  they  had  a  common 
load-like  appearance,  which  took  much  from  their  value  and  artistic 
beauty,  and  as  a  remedy  for  this  defect,  it  occurred  to  me  that  it  was 
possible  to  give  them  a  thin  coat  of  copper,  deposited  from  its  solu- 
tion in  dilute  nitric  acid.    ThiB  I  made  by  putting  a  few  pence  [copper 
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ooizLB  were  in  cuirency  in  those  days]  into  a  basin  with  water  and 
nitric  acid.  My  early  attempts  were  not  very  successful,  for  the  depo- 
sited metal  could  be  rubbed  off,  and  was  in  other  ways  defective.  I 
next  tried  sulphate  of  copper,  both  cold  and  boiling  solutions.  I 
found  the  sulphate  much  better  adapted  for  the  purpose  than  the 
nitrate  solution.  At  first  I  relied  on  the  property  which  iron  has  of 
throwing  down  copper  from  its  solutions,  and  by  combining  iron,  in 
comparatively  Lirge  quantities,  with  antimony,  and  using  this  alloy 
with  tin,  bismuth,  and  lead,  I  succeeded  in  getting  a  very  thin,  but 
even,  coating  of  copper ;  but  it  was  not  sufficiently  solid,  and  easily 
rubbed  off. 

'*  In  pursuing  my  experiments,  I  found  that  the  result  was  much 
improved  by  using  a  metallic  vessel  for  the  bath  instead  of  an  earthen- 
ware one,  such  as  a  shallow  iron,  tin,  or  copper  dish,  as  a  slight 
galvanic  action  was  set  up,  but  the  best  results  were  obtained  by  using 
a  zinc  tray,  on  the  bottom  of  which  the  object  was  laid,  face  upwards, 
and  the  solution  then  poured  in.  By  this  means  a  very  firm  and  solid 
coating  was  obtained,  which  could  be  burnished  with  a  steel  burnisher 
without  giving  way.  By  adding  to  the  copper  solution  a  few  crystals 
of  distilled  verdigris,  I  obtained  some  beautiful  green  bronze  deposits, 
a  colour  far  more  suitable  for  medallumt  and  bwU  than  the  bright 
copper  coating  obtained  by  the  sulphate  when  used  alone. 

*'  I  cast  and  coated  with  g^reen  copper  a  small  bust  of  Shakespeare, 
which,  with  many  other  specimens,  I  sold  to  Mr.  Campbell,  the 
sculptor,  who  at  that  time  was  modelling  a  life-sized  bust  of  Canning : 
he  had  arranged  that  I  should  cast  it  from  the  **  lost-wax,'*  and 
deposit  green  copper  thereon.  Unfortunately  Campbell  died  before  his 
model  was  completed.  But  for  this  incident  I  might  possibly  have 
carried  the  depositing  process  much  further,  but  at  that  time  my  suc- 
cess in  casting,  in  a  very  hard  alloy,  dies  used  for  embossing  card- 
board and  leather,  offered  a  more  direct  and  immediate  commercial 
result,  and  thus  the  artistic  branch  was  lost  sight  of.  I  remember 
showing  some  of  these  castings  to  my  friend  the  late  Dr.  Andrew 
Ure,  about  the  year  1835-6,  with  which  he  was  much  pleased.  In 
referring  to  them  several  years  later,  in  the  second  edition  of  his 
supplement  to  his  *  Dictionary  of  Arts  and  Manufactures,'  published 
in  1846,  he  mentions  these  castings  us  lead  castings^  at  page  70, 
imder  the  head  of  *  Electro-Metallurgy,'  which  commences  in  these 
words : — 

**  *  Electro' Metallurgy. — By  this  elegant  art,  perfectly  exact  copies  of 
any  object  can  be  made  in  copper,  silver,  gold,  and  some  other 
metals,  through  the  agency  of  electricity.  The  earliest  application  of 
this  kind  seems  to  have  been  practised  about  ten  years  ago^  by  Mr. 
Bessemer,  of  Camden  Town»  London,  who  deposited  a  coating  of 
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copper  upon  lead  castings  so  as  to  produoe  antique  heads,  in  relief, 
about  three  or  four  inohes  in  size.  He  contented  himself  with  form- 
ing a  few  such  ornaments  for  his  mantel-pieoe,  and  though  he  made 
no  secret  of  his  purpose,  he  published  nothing  upon  the  subject.  A 
letter  of  the  22nd  of  Hay,  1839,  written  by  Mr.  G.  Jordan,  which  ap- 
peared in  the  Mechanic* a  Ma^azitie  for  June  8th  following,  contains 
the  first  printed  notice  of  the  manipulation  requisite  for  obtaining 
electro -metallic  casts,  and  to  this  g^entleman,  therefore,  the  world  is 
indebted  for  the  first  discovery  of  this  new  and  important  application 
of  science  to  the  uses  of  life.' 

**  The  first  inception  of  the  idea  of  coating  works  of  art  in  metal 
with  a  deposited  coating  of  another  metal,  if  not  resting  solely  with 
me,  at  least  I  certainly  was  within  measurable  distance  of  this  great 
discovery  some  three  or  four  years  before  it  was  brought  forward  by 
any  other  person,  but  I  failed  to  see  its  true  significance,  and  conse- 
quently lost  a  grand  opportimity. 

^  *■  You  are  quite  at  liberty  to  make  any  use  you  Uke  of  this  informa- 
tion." 

We  will  now  return  to  Mr.  Dircks'  vindication  of  Jordan's  claim. 

Referring  to  Jordan's  letter  to  the  Mechanic's  Magazincy  Mr.  Dircks 
says,  '*  In  particular  I  would  direct  attention  to  the  fact  of  the  main 
incidents  named  by  Mr.  Jordan,  published  June  8th,  1839,  agreeing 
with  those  published  by  Mr.  Spencer,  September  12th,  1839,  and, 
curious  enough,  being  called  forth  by  the  same  vague  announcement  of 
X'rofessor  Jaoobi's  experiments  which  was  then  niaking  the  round  of 
the  periodicals.  Both  parties  described  Br.  Gliding  Bird's  small 
galvanic  apparatus;  one  used  a  printer's  type,  the  other  a  copiKT 
coin,  and  both  recommend  the  application  of  heat  to  remove  the  pre- 
cipitated copper. 

''  I  was  aware  of  Mr.  Jordan's  letter  at  the  time  of  its  publication, 
and  have  frequently  been  surprised  since,  that  his  name  has  not 
transpired  in  any  discussion  I  have  heard  upon  the  subject.  Nothing 
can  be  clearer  than  his  reasoning,  the  details  of  hin  experiments,  and 
his  several  concluding  observations." 

Dr.  Odldliiff  Bird's  Bzperimenta. — ^There  can  be  no  doubt  what- 
ever that  after  Dr.  Gk)lding  Bird  published  the  results  of  his  interest- 
ing experiments  in  1837,  and  the  means  by  which  he  obtained  his  im- 
portant results,  many  scientific  men  devoted  themselves  to  investigating 
the  new  application  of  electricity,  amongst  whom  was  Mr.  Henry  Dircks. 
"  It  was  particularly  in  September  and  October,  1837,"  wrote  Mr. 
Dircks,  *'  that  several  parties  attached  to  scientific  pursuits  in  Liver- 
ixx)l,  were  engaged  in  repeating  the  experiments  of  Dr.  Ck)lding  Bird, 
and  of  which  he  gjive  an  acconnt  before  the  chemical  section  of  the 
British  Association  at  Liverpool,  over  which  Dr.  Faraday  presided. 
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The  apparatus  used  on  that  occasion  by  myself  and  others  was  pre- 
cisely that  recommended  by  Dr.  Bird,  consisting*  of  simply  any  glass 
vessel  capable  of  holding  a  solution  of  common  salt,  into  which  is  in- 
serted a  gas  lamp  chimney,  having  its  lower  end  plugged  up  by  pour- 
ing into  it  plaster  of  Paris ;  a  solution  of  sulphate  of  copper  is  then 
poured  into  it,  and  the  whole  immersed  into  the  contents  of  the  glass, 
and  tightened  with  pieces  of  cork.  The  result  expected  from  this 
arrangement  was  the  deposit  of  metallic  veins  of  the  copper  within  the 
plaster  diaphragm,  independent  of  any  connection  with  the  poles  of 
the  battery.  Dr.  Faraday,  and  every  other  electriciaui  expressed 
surprise  and  doubt  at  the  results  in  this  respect  said  to  have  been 
obtained  by  Dr.  Bird  ;  and  Dr.  Faraday  particularly  urged  the  neces- 
sity and  importance  of  caution  in  receiving  as  established  a  result  so 
greaUy  at  variance  with  all  former  experience,  and  proceeded  to 
explain  a  variety  of  causes  tending  to  lead  to  fallacious  results  in  the 
curious  and  interesting  experiments.*' 

Up  to  this  time,  the  possibility  of  obtaining  electrical  effects 
by  means  of  a  single  metal,  in  the  manner  pursued  by  Dr.  Bird, 
would  have  been  considered  theoretically  impossible.  It  must  not  be 
wondered  at,  therefore,  that  even  the  gfreatest  of  our  philosophers — 
Michael  Faraday — should  have  been  sceptical  in  the  matter.  It  is 
clear  now,  however,  that  Dr.  Grolding  Bird's  results  were  based  upon 
principles  not  then  understood,  and  that  to  this  gifted  physician  we 
ai'e  indebted  for  what  is  termed  the  *'  single-cell ''  voltaic  arrange- 
ment— the  first,  and  for  some  time  after  the  only,  apparatus  employed 
in  producing  electrotyx)ee. 

Origin  of  the  Forous  Cell, — It  appears  that  whUe  Mr.  Dircks  was 
experimenting  (in  1837)  in  obtaining  crystals  of  copper  by  Dr.  Bird's 
method,  he  was  frequentiy  in  communication  with  Mr.  John  Dancer, 
a  philosophical  instrument  maker  in  Liverpool,  and  in  October  of  the 
following  year  (1838)  that  gentieman  showed  him  a  ''  ribbon  of  copper, 
thin,  but  very  firm,  granular  on  one  side,  while  it  was  bright  and 
smooth,  all  but  some  raised  lines,  on  the  other."  This  result,  Mr. 
Dancer  informed  him,  was  obtained  by  galvanic  action,  obser\'ing 
that  some  specimens  were  as  tenacious  as  rolled  copper,  while  others 
were  crystalline  and  britUe.  Mr.  Dancer  attributed  the  superiority 
of  the  former  to  the  following  cause  :  * '  Having  gone  to  the  potteries 
to  look  out  suitable  jars  for  sustaining  batteries,  and  having  fixed  on 
a  lot  which  he  was  told  would  not  answer  as  they  were  not  glazed^  and 
would  not  hold  liquor,"  it  occurred  to  him  that  such  uttglazed  jars 
might  be  turned  to  account,  and  used  instead  of  bladder,  brown  paper 
plaster  of  Pans,  and  other  porous  substances  he  had  previously  em- 
ployed. Having  obtained  a  sample  for  experiment,  he  Bubsequentiy 
found  that  he  oould  obtain  a  more  firm  and  compact  deposit  of  copper 
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than  in  any  previous  experiment.  To  the  accidental  oiroiimstance 
above  referred  to,  we  are  undoubtedly  indebted  for  that  most  import- 
ant accessory  to  the  single-cell  apparatus  and  tiie  two-fluid  battery — 
the  porous  eelL 

In  a  letter  to  Mr.  Dircks,  relative  to  Spencer's  claim  to  the  discovery 
of  a  means  of  obtaining  *'  metallic  casts  "  by  electro-deposition,  Mr. 
Dancer  says,  **I  met  Mr.  Spencer  one  morning  in  Berry  Street, 
Liverpool,  and  happened  to  have  one  of  these  precipitated  copper 
plates  with  me,  which  I  showed  to  him.  When  I  told  him  how  it  had 
been  formed  he  would  scarcely  believe  it,  until  I  pointed  out  the  im- 
pressions in  relief  of  all  the  minute  scratches  that  were  on  the  plate 
against  which  it  had  been  deposited.  The  surprise  that  Mr.  Spencer 
expressed  very  naturally  led  me  to  suppose  that  it  was  the  first  com- 
pact piece  of  precipitated  copper  he  had  seen."  At  this  early  period 
(1838)  Mr.  Dancer  had  not  only  deposited  tough  reguline  copper,  but 
he  went  a  step  farther.  He  attached  to  a  copper  plate,  by  means  of 
varnish,  '  *■  a  letter  cut  out  from  a  printed  bill.  The  copper  precipitated 
on  all  parts  of  the  plate,  except  where  the  letter  was  fixed ;  when  I 
peeled  the  precipitated  copper  off,  the  letter  came  out,  not  having 
connection  with  the  outside  edge.  I  also  obtained  an  impression  by 
stamping  my  name  on  a  copper  cylinder,  the  impression  being  the 

reverse  way All  this  happened  many  months  before  I  was 

aware  that  Mr.  Spencer  had  been  engaged  in  anything  of  the  kind, 
except  that  he  had  Dr.  Bird's  experiments  in  action.  Some  time  after 
this  Mr.  Spencer  applied  to  me  for  one  of  my  porous  jars,  and  one  day 
at  his  house  he  told  me  for  what  purpose  he  wanted  it." 

It  is  perfectly  eWdent  that  Mr.  Dancer's  results  were  obtained  long 
before  the  publication  of  Spencer's  paper,  and  that  both  were  indebted 
to  Dr.  Golding  Bird's  simple  but  ingenious  contrivance  for  prose- 
cuting their  first  experiments ;  and  it  is  also  clear  that  Dancer's 
brilliant  idea  of  substituting  porous  earthenware  for  the  crude  plaster 
diaphragms  g^reatly  facilitated  experimental  researches  in  this 
direction  ;  while  at  the  same  time  it  placed  within  our  reach  one  of 
the  most  valuable  accessories  of  the  two-fluid  voltaic  battery — the 
porous  cell. 

Being  desirous  of  placing  Jordan's  claim  to  priority — ^as  the  first 
to  make  publicly  known  the  process  of  electrotyping,  or  electrographjfy 
as  ho  termed  it — Mr.  Dircks  followed  up  the  subject  in  the  Mechamc^a 
Maj/azinCy  in  a  series  of  papers,  in  which  he  not  only  traced  Mr. 
Spencer's  experiments  to  their  true  origin,  namely,  Dr.  Bird's 
experiments  published  two  years  before,  and  the  hints  which  he  had 
derived  from  Dancer,  but  he  moreover  showed  that  Spencer  must 
have  been  aware  of  Jordan's  published  process,  for  he  says,  in 
summing  up  the  evidence  he  had  produced  against  Spencer's  position 
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in  the  matter  thns  :  **  Lastly,  therefore,  that  through  the  Meehanie^s 
Magaeme  (which  Mr.  Spencer  was  regularly  taking  in)  the  experimental 
results  obtained  by  Mr.  Dancer,  and  the  reports  in  April  and  May, 
1839,  in  public  papers,  of  Jaoobi's  experiments,  all  being  broad  hints, 
and  abundant  assistance  to  aid  Mr.  Spencer,  that  he  is  rather  to  be 
praised  for  his  expression  of  what  was  already  known,  on  a  smaller 
and  less  perfect  scale,  than  to  be  adjudged  a  discoverer,  much  less 
the  father  of  electro -metallurgy,  haying  a  preference  to  every  other 
claimant."  Following  the  paper  from  which  the  foregoing  extract  is 
taken,  is  a  footnote  by  the  Editor  of  the  MeehanieU  Magaziney  which  is 
important  as  showing  how  strange  it  was  that  Jordan's  communication 
not  only  escaped  the  attention  of  scientists,  but  even  that  of  the  con- 
ductor of  the  journal  in  which  it  appeared :  **  Mr.  Dircks  has  proved 
beyond  all  doubt  that  we  have  made  a  great  mistake  in  advocating  so 
strenuously  the  claims  of  Mr.  Spencer  to  the  invention  of  electro- 
graphy.  No  one,  however,  can  suppose  that  we  would  intentionally 
exalt  any  one  at  the  expense  of  our  own  journal,  which  we  are  now 
X^leased  to  find  was  the  honoured  medium  of  the  iirst  distinct  revela- 
tion of  this  important  art  to  the  public,  by  an  old  and  esteemed 
correspondent  of  ours,  Mr.  Jordan.  Whatever  Mr.  Bessemer,  Mr. 
Dancer,  Mr.  Spencer,  or  others,  may  have  previously  said  or  done,  it 
was  in  private — made  no  secret  of,  perhaps,  but  still  not  communicated 
to  the  public  at  large — not  recorded  in  any  printed  work  for  general 
benefit.  For  anything  previously  done  by  any  of  them,  they  might 
li a ve  still  remained  in  the  prof  oundest  obscurity .  No  public  description 
of  an  earUer  date  than  Mr.  Jordan's  can,  we  believe,  be  produced ; 
and  when  we  look  upon  that  description,  it  is  really  surprising  to  see 
with  what  fulness  and  precision  the  writer  predicated  of  an  art  nearly 
aU  that  has  been  since  accomplished.  In  supporting,  as  we  did,  the 
claims  of  Mr.  Spencer  to  be  considered  as  the  first  discoverer,  we  had 
lost  all  recollection  of  Mr.  Jordan's  communication.  We  have  no 
personal  acquaintance  with  either  of  the  gfentlemen,  and  could  have  no 
motive  for  favouring  one  more  than  the  other.  We  took  up  the  cause 
of  Mr.  Spencer  with  spontaneous  warmth  because  we  thought  him  to 
be  a  person  most  unfairly  and  ungenerously  used,  as  in  truth  he  was 
so  far  as  the  intention  went,  by  those  who,  having  at  the  time  none  of 
those  reasons  we  now  have  for  questioning  Mr.  Spencer's  pretensions, 
yet  obstinately  refused  to  acknowledge  them.  If  it  should  seem  to 
the  reader  more  than  usually  surprising  that  Mr.  Jordan's  paper 
escaped  the  recollection  of  the  editor,  through  whose  hands  it  passed 
to  the  public,  his  surprise  will  be  lessened,  perhaps,  when  he  observes 
how  it  appears  to  have  escaped  notice,  or  been  passed  over  in  silence,  by 
every  one  else  down  to  the  present  moment — even  those,  not  a  few,  who 
have  expressly  occupied  themselves  in  electrography.  .  •  .  .  To  us. 
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the  most  Burpriaing'  thing  of  any  connected  i^nth  the  case  is,  that 
neither  Mr.  Jordan  himself,  nor  any  of  his  friendn,  should  before  now 
have  thought  it  worth  while  to  vindicate  hin  claims  to  the  promulga- 
tion of  an  art  which  justly  entitles  him  to  take  a  high  place  among 
the  benefactors  of  his  age  and  country. — Ed.  M.  3/." 

While  Mr.  Dircks*  ^'ContributionR  to  the  History  of  Electro-Metal- 
lurgy *  *  were  being  published  in  the  columns  of  the  Mechanic^ a  Magazine^ 
the  arguments  and  facts  which  he  adduced  created  a  deep  impreflsion 
in  the  minds  of  scientific  men  of  the  day,  who  had  unfortimately 
accepted  Spencer  as  the  originator  of  electrotypy.  Of  all  men,  scien- 
tists are  the  most  anxious  to  accord  the  merit  of  dittcorrn/  to  those  who 
are  really  entitled  to  it.  Devoting  themselves  to  the  investigation  of 
natural  laws,  and  their  application  to  the  useful  purposes  of  man, 
they  are  naturally  jealous  of  any  attempt  on  the  part  of  one  to  appro- 
priate the  honour — ^usually  the  only  reward — due  to  another.  It  is 
not  surprising,  therefore,  that  when  it  became  fully  proved  that 
to  Jordan  and  not  Spencer  was  due  the  credit  of  having  been  the  first 
to  publish  a  process  for  the  practical  deposition  of  copper  by  electro- 
lysis, that  such  men  should  frankly  acknowledge  their  mistake. 
Amongst  those  who  came  forward  to  do  justice  to  Jordan's  claim 
were  the  late  Professor  Faraday,  Dr.  Andrew  Ure,  and  Professor 
Brande,  then  chemist  to  the  Royal  Mint.  The  latter  eminent  chemist 
and  author  of  the  best  chemical  manual  in  our  lang^uage,  sent  the 
following  letter  to  Mr.  Dircks,  which  clearly  acknowledges  the  error 
into  which,  in  common  with  others,  he  had  fallen  in  attributing  to 
Spencer  the  merit  of  the  electrotype  process  : — 

*'  I  am  much  obliged  by  your  copy  of  the  Meehanie'a  Magazine  and 
the  information  it  contains  respecting  Mr.  Spencer's  pretensions.  I 
certainly  always  gave  him  credit  for  much  more  merit  than  he  appears 
to  have  deserved." 

When  Spencer  found  that  his  position  was  so  severely  shaken  by 
Mr.  Dircks'  powerful  defence  of  Jordan's  claim  to  priority,  he  wrote 
several  letters  in  reply,  which  appeared  in  the  columns  of  the  above 
journal,  with  a  view  to  refute  his  opponent's  arg^uments,  and  shake 
his  testimony ;  but  in  this  he  was  unsuccessful,  for  the  facts  which 
Mr.  Dircks  had  made  known  were  absolutely  beyond  refutation.  It 
is  not  often  that  men  of  science  enter  into  a  controversy  of  this  nature, 
but  silence  under  such  circumstances  would  have  been  an  act  of  injus' 
tice  to  Jordan,  by  leaving  the  question  still  in  doubt. 

Amongst  those  who  ascribed  to  Spencer  the  discovery  of  the  elec- 
trotype process  was  Mr.  Greorge  Shaw,  of  Birmingham,  in  the  first 
edition  of  his  **  Manual  of  Electro -Metallurgy."  In  the  second 
edition  of  his  work,  however,  he  made  the  ametide  to  Jordan,  by 
frankly  aoknowledgfing  his  mistake.    The  following  letter  from  the 
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late  Dr.  Andrew  lire  to  Mir.  Dircks  shown  how  fully  he  recognised 
that  gentleman's  advocacy  of  Jordan's  claim :  ''I  read  with  great 
interest  your  narrative  of  the  discovery  or  invention  of  the  electrotype 
art,  and  am  much  pleased  to  see  justice  done  to  modest  retiring  merit 
in  the  persons  of  Mir.  Jordan  and  Mr.  Dancer.  The  jay  will  feel  a 
little  awkward  this  cold  weather,  stripped  of  his  peacock  plumage.'* 

The  following  letter  from  Faraday  tends  to  show  that  the  great 
philosopher,  in  common  with  most  other  persons,  had,  prior  to  Mr. 
Dircks'  explanation  of  the  facts,  believed  in  Spencer  being  the  origi- 
nator of  electrotyping  :  *^  I  am  very  much  obliged  by  your  kindneM 
in  sending  me  your  account  of  the  facts,  &c.,  &c.  It  is  very  valuable 
as  respects  the  fixing  of  dates,  and  has  rather  surprised  me."  * 

It  is  a  pity,  but  none  the  less  true,  that  while  Jordan's  communica- 
tion received  no  attention  whatever,  although  published  in  a  well- 
read  journal,  Spencer's  paper — which  had  merely  been  read  before  a 
local  society  in  Liverpool,  and  afterwards  printed  for  private  eircukttian 
only — commanded  the  profoundest  attention.  In  short,  to  use  a 
common  phrase,  it  **took  the  world  by  storm."  The  name  of 
"Spencer,  the  discoverer  of  Electrotjping,"  was  on  every  lip,  and 
men  of  science  of  all  nations  regarded  him  as  one  who  had  made 
a  great  addition  to  the  long  roll  of  important  discoveries  which 
science  had  placed  at  the  disposal  of  art.  Henry  Dircks'  champion- 
ship of  Jordan's  just  claim,  however,  eventually  broke  up  Spencer's 
position,  and  to  the  first  publisher  of  the  electrotype  proeessy  Mr.  G.  J. 
Jordan,  was  at  last  accorded  the  merit — for  he  received  no  other  recog- 
nition— of  having  published  a  process,  if  we  may  not  say  discovery, 
which  was  destined  to  prove  of  inestimable  advantage  to  his  fellows, 
not  only  in  itself,  but  as  being  the  means  by  which  the  minds  of  men 
were  directed  to  the  deposition  of  other  metals  by  electrical  agency. 
It  would  not  be  out  of  place  to  suggest  that  in  commemoration  of 
Jordan's  gift  to  mankind  of  so  useful  and  valuable  a  process,  an 
appropriate  testimonial  should  be  set  on  foot — if  not  by  the  public,  at 
least  by  those  who  have  directly  gained  so  much  by  his  initiation  of 
the  art  of  electro-deposition. 

The  success  which  attended  the  electrotype  process  induced  many 
persons  to  turn  their  attention  to  the  deposition  of  gold  and  silver,  by 
means  of  the  direct  current ;  but  up  to  the  year  1840  no  really  suc- 
cessful solution  of  either  metal  was  available,  iln  that  year  Mr.  John 
Wright,  a  surgeon  in  Birmingham,  and  Mr.  Alexander  Farkes,  in 
the  employment  of  Messrs.  Elkington,  were  engaged  in  making 
experiments  in  electro-deposition,  when  the  former  gentleman  hap- 


*  The  three  foregoing  letters,  which  we  transcribed  from  the  originals,  are 
now,  we  believe,  pablished  for  the  first  time. 
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pened  to  meet  with  a  passage  in  Scheele's  *^  Cliemical  Rsmiys/*  in 
which  he  found  that  cyanides  of  gold,  silver,  and  copper,  were 
soluble  in  an  excess  of  cyanide  of  potassium.  It  at  once  occurred  to 
him  that  solutions  of  gold  and  silver  thus  obtained  might  be  employed 
in  electro*doposition,  and  ho  then  formed  a  solution  by  dissolving 
chloride  of  silver  in  a  solution  of  forro -cyanide  of  potassium,  from 
which  he  obtained,  by  electrolysis,  a  stout  and  iirm  deposit  of  silver, 
a  result  which  had  never  before  been  obtained.  A  few  weeks  after, 
Mr.  Wright  prepared  a  solution  with  cyanide  of  pota.ssium,  instead  of 
the  ferro -cyanide,  and  although  various  cyanide  solutions  of  silver 
and  copper  had  already  been  employed  in  the  simple  immersion 
process  of  depositing  these  metals,  there  is  no  doubt  that  it  is  to  Mr. 
"Wright  tliat  we  are  really  indebted  for  the  practical  application  of 
cyanide  of  potassium  as  a  solvent  for  metallic  oxides  and  other  stilts 
used  in  electro -deiwsition.  About  this  time  (1840)  Messrs.  Elkington 
were  preparing  to  take  out  another  patent,  when  Mr.  Wright,  haviiiij 
submitted  his  results  to  them,  agreed  to  include  his  process  in  th(>ir 
patent,  in  consideration  of  which  it  was  agreed  that  he  should  reccivf^ 
a  royalty  of  one  shilling  per  ounce  for  all  silver  deposited  under  tlie 
patent :  on  his  decease,  which  took  place  soon  afterwards,  an  annuity 
was  granted  to  his  widow.  This  patent,  with  Wright's  important 
addition,  namely  the  employment  of  alkaline  cyanides,  formed  the 
basis  of  the  now  great  art  of  electro -gilding  and  plating  :  but  it  was 
some  time  before  the  proper  working  strength  of  batiis  and  the  pro- 
portion of  cyanide  could  be  arrived  at,  the  deposits  being  frequently 
non-adherent,  which  caused  them  to  strip  or  peel  off  the  coated  articles 
m  the  process  of  burnishing.  This  was  afterwards  remedied  to  some 
extent  by  dipping  the  articles  (German  silver  chiefly)  in  a  very  dilute 
solution  of  mercury.  About  this  time,  the  author,  in  conjunction 
with  his  brother,  Mr.  John  Watt,  introduced  electro-gilt  and  silvered 
steel  pens,  which  were  sold  in  considerable  quantities. 

In  the  same  year,  Mr.  Murray  discovered  a  means  of  rendering 
non-conducting  surfaces,  as  wax,  &c.,  conductive,  by  coating  them 
with  powdered  plumbago,  and  this  important  suggestion  proved  of 
inestimable  advantage  to  those  who  desired  to  follow  the  art  of 
electrotyping  conmiercially.  Indeed,  without  the  aid  of  this  useful 
substance,  it  is  doubtful  whether  the  important  art  would  have  greatly 
exceeded  the  bounds  of  experiment.  At  this  period,  also,  another 
important  improvement  in  the  electrotype  process  was  introduced  by 
Mr.  Mason,  which  consisted  in  employing  a  separate  battery  as  a  sub- 
stitute for  the  "single-cell"  process  up  to  that  time  adopted  in 
electrotyping.  By  the  new  arrangement,  a  copper  plate  was  con- 
nected to  the  positive  pole  of  a  Daniell  Battery,  while  the  mould  to  be 
coated  with  copper  was  attached  to  the  negative  pole.  When  these 
were  immersed  in  the  electrotyping  bath  (a  solution  of  sulphate  of 
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copper),  under  the  action  of  the  current  the  copper-plate  became  du* 
solved  as  fast  as  pure  copper  was  deposited  upon  the  mould,  whereby 
the  strength  of  the  solution  was  kept  in  an  uniform  condition.  It  is 
this  method  which  is  now  almost  imiversally  adopted  (when  dynamo 
machines  are  not  employed)  in  practising'  the  art  of  electrotyping  upon 
a  large  scale. 

In  1 84 1,  Mr.  Alfred  Smee  published  his  admirable  work  on  Electro- 
metallurgy, which  at  that  period  proved  of  the  gfreatest  service  to  all 
persons  interested  in  the  new  art.  In  the  year  following,  Mr.  J.  S. 
Woolrich  introduced  his  magneto-electric  machine,  which  for  many 
years  after  occupied  a  useful  position  as  a  substitute  for  voltaic 
batteries,  in  several  large  plating  works.  In  this  year  also,  Dr.  H. 
R.  Leeson  took  out  a  patent  for  improvements  in  electro-depositing 
processes,  in  which  he  introduced  the  important  elastic  moulding 
material,  **  guiding  wires,*'  keeping  articles  in  motion  while  in  the 
bath,  &c. 

In  1843,  Moses  Poole  obtained  a  patent  for  the  use  of  a  thermo- 
electric pile  as  a  substitute  for  the  voltaic  battery ;  but  the  invention 
was  not,  however,  successful.  Many  patents  were  taken  out  in  the 
following  years  for  various  processes  connected  with  electro -deposi- 
tion ;  but  the  next  most  important  improvement  was  due  to  Mr.  W. 
Milward,  of  Birming^ham,  who  accidentally  noticed  that  after  wax- 
moulds,  which  had  been  covered  with  a  film  of  phosphorus — by  apply- 
ing a  solution  of  that  substance  in  bisulphide  of  carbon  to  their  surfaces 
— had  been  immersed  in  the  cyanide  of  silver  plating  bath,  the  silver 
deposit  upon  other  articles,  such  as  spoons  and  forks,  for  example, 
which  were  afterwards  coated  in  the  same  bath,  presented  an  unusually 
bright  appearance  in  parts,  instead  of  the  dull  pearly  lustre  which 
g^neraJly  characterises  the  silver  deposit.  This  incident  induced  Mr. 
Milward  to  try  the  effect  of  adding  bisulphide  of  carbon  to  the 
plating  bath,  which  produced  the  desired  result.  For  some  time  he 
kept  l^e  secret  to  himself;  but  finding  that  it  eventually  became 
known,  he  afterwards  patented  the  process  in  conjunction  with  a  Mr. 
Lyons,  who  had  somehow  possessed  himself  of  the  secret.  From  that 
time  the  addition  of  bisulphide  of  carbon  to  silver  baths  for  the  pur- 
poses of  **  bright  *'  plating  has  been  in  constant  use. 


In  the  foregoing  sketch  of  the  origin  and  history  of  electro-deposi- 
tion we  have  endeavoured  to  give  such  information  eu»  we  hoped  would 
be  interesting  to  many  who  are  engaged  in  the  practice  of  the  art,  and 
also  instructive  to  those  who  may  be  about  to  enter  into  a  study  of  the 
subject,  believing,  as  we  do,  that  the  present  volume  would  be  incom- 

11 
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plete  witiiout  some  special  reference  to  the  interesting  origin  of  so 
great  and  useful  an  art — an  art  which  has  many  widespread  appli- 
cations of  great  commercial  and  decorative  importance. 

Further  reference  to  suheequent  inventions  connected  with  electro- 
deposition  and  its  developments  in  recent  years,  will  be  found  in  the 
later  chapters  of  this  volume* 


i 


CHAPTER  IV. 

ELECTRO-DEPOSITION  OF  COPPEE. 

Electrolyping  b;  Single-call  Procen.— Copjiog  Coins  ind  Mcdili.— Moaltl- 
iDg  Uateriab.—GuttB-percha.— PluLic  GutU-percha.— GutM-petcha 
&D1I  Marine  Glue.— Beemax.—SeeliQg-wai.—Siearine.— Stearic  Acid.— 
Fusible  Metal.— EiaMic  Uoulding  Material.— Piastet  of  Paris. 

It  may  fairly  be  said  that  the  diBoovery  of  the  electrot}^*  pro- 
ceHK  formed  the  busia  of  the  wholo  electrolytic  industry :  and,  in 
itjt  applications  to  variovut  purposes  of  the  arts  and  to  literature,  it 
hua  proved  of  inextimable  value.  While,  in  its  infancy,  the  electro- 
type prooesH  was  a  source  uf  ticientific  recreation  to  thousands  of 
persons  of  all  claasea,  many  were  those  who  saw  in  the  new  process  a 
wide  field  of  researtih,  from  which  much  waa  expected  and  more  has 
been  realiaed.  While  Faraday,  Becquerel  and  others  were  investi- 
gating; the  pruccsH  iu  its  more  scientifio  relational  practical  men  were 
tryin);  to  apply  it  tu  varioua  art  purposes,  until,  in  course  of  time, 
electrotyping  was  added  to  our  list  of  chemical  arts. 

The  simplest  form  of  arrangement  for  electrotyping  small  objects 
it)  known  aa  the  "  single-cetl"  process,  which  it  will  be  welt  to  con- 
sider before  deacribing  the  more  ehiborate  apparatus  employed  fur 
larger  work. 

Bl*en«t7pinc  W  tha  BlnBla-o«U  Pzooms.  — In  ita  moat  aimplo 
form,  a  small  jar.  Fig.  53,  may  be  used  as  the  outer 
vexael,  and  in  this  ie  placed  a  small  porous  cell,  made 
of  unglazed  earthenware  or  bi>wuit  porcelain,  some- 
what taller  than  the  contoining  vessel.  A  strip  of 
slout  sheet-zinc,  with  a  piece  of  copper  wiiv  attached, 
either  ty  means  of  solder  or  bj'  a  proper  binding 
screw,  is  placed  in  the  porous  cell.  A  mliiriilnf  solu- 
tion of  sulphate  of  copper  (bluestone),  mode  by 
diggolviag  orystats  of  that  substance  in  hot  water,  Fig.  53. 

smd  pouring  the  liquid,  when  cold,  into  the  outer  cell. 
The  poroua  coll  is  then  filled  to  the  same   height  oa  the  copper 
solution  with  a  solution  of  aal-ummoniat  or  common  salt.     To  keep 
up  the  strength  of  the  solution  when  in  iih'  11  few  crystalii  of  sulphale 
of  copper  arc  phiccd  in  a  mualin  bag,  whiuh  iu  booked  on  to  the 
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cdffe  of  the  veesel  bjr  meana  of  a  short  copper  hook,  and  the  bag 
allowed  to  dip  a  little  way  into  the  liquid.    The  prepared  mould  is 
caimected  to  the  end  of  the  wire  (which  is  beat  in  this  C\  form)  aad 
gently  lowered  into  the  solution,  when  the  whole  arraDgement  is 
complete.     In  place  of  the  porous  cell  the  zinc  ma;  be  wrapped  in 
several  folds  uf  brown  paper,  encloeiDg  a  little  conunou  salt,  but  the 
poroiu  ccUh  are  bo  readily  obtained  that  it  is  never  worth  while  to 
seek  H  HubHtitul*  for  them.    This  simple  arrangement  will  easily  be 
understood  by  Feferring  to  the  cut. 
A  more  convenient  single-cell  apparatus  is  shown  in  Fig.  54,  in 
which  the  containing  vessel,  or  nl!,  ie  a  gloss  or 
stoneware  jar  capable  of  holding  about  three  pints. 
In  this  is  placed  a  porous  cell  (p).    A  bar  or  plate 
of  zino   (;),  with  binding  screw  attached,   is  de- 
posited in  the  porous  cell ;  a  short  piece  of  copper 
wire  (ip),  for  saBpending  the  mould  {m)  or  object  to 
ho  copied,  has  its  nhorter  end  inserted  in  the  hole 
of  the  binding-screw.    The  outer  vessel  is  about 
three  parts  filled  with  a  taiiiivled  Bulution  of  sul- 
phate of  copper  (r),  and  the  porous  cell  is  filled  to 
the  Esame  height  with  a  half-Baturated  solution  of 
Bsl-ammoniBC    or   common    salt.      If    the   zinc   is 
amalijamatcd,  however,  dilute  aulphuric  acid  is  used 
p.  inntead  of  the  latter  Ewlution  in  the  porouH  cell,  and 

a  small  qnantity  of  oil  of  vitriol  (from  half  an 
ounce  to  one  uuuco  of  acid  to  the  quart  of  copper  uolution)  added. 

Amalgematviii  the  Zinc. — Four  a  little  dilute  sulphuric  acid,  or  un- 
diluted muriatic  acid,  into  a  dish,  and,  having  tied  a  piece  of  flannel 
t')  the  end  of  a  Htiuk,  lay  the  nine  in  the  dish  and  proceed  to  brush  the 
iicid  all  over  the  plate  ;  now  pour  a  Uttle  mercury  (quick»ilver)  on 
the  plate,  and  mb  it  over  the  zinc  with  the  little  mop,  when  it  will 
readily  spread  all  over  the  surface,  giving  the  zinc  a  bright  ulvery 
lustre.  It  is  important  that  the  zino  should  be  thoroiighlt)  cleaned  by 
(ho  acid,  otherwise  the  mercury  will  fail  to  amalgamate  with  the 
metal,  and  dark  patehea  of  unamalgamated  zinc  will  appear.  The 
perforated  shelf,  or  tray,  in  the  engraring  is  a  receptacle  for  crystals 
of  sulphate  of  copper,  which,  being  placed  upon  it,  gradually  become 
dissolved  while  the  deposit  of  copper  ia  going  on,  and  thus  re-supply 
the  solution  as  it  becomes  exhausted,  whereby  the  operation  progreesos 
unifomdy. 

To  prepare  tho  copper  solution  for  small  experimental  purposes, 
dissolve  about  10  ounces  of  sulphate  of  rri]ij>rr  in  i  quart  of  hot 
water  and  stir  until  the  cryeiAls  ,ire  all  duwilvcrl ;  then  wt  the  vewiel 
aside  until  cold,  when  the  ci^'rii'  liiiuor  is  to  be  carefully  poured  into 
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the  depositing  cell.  Wlien  unamalgamated  zinc  is  used  in  the  siugle- 
oell  arrangement  the  sulphate  of  copper  nhould  be  simply  a  saturated 
solution  of  the  salt  without  that  addition  of  acid,  though  a  few  dropn 
onljf  may  be  added  with  advantage. 

It  is  of  great  importance  that  the  sulphate  of  copper  should  be 
pure.  The  crystals  should  be  of  a  rich  dark  blue  colour  and  absolutely 
free  from  greenish  cr3r8tal8  [sulphate  of  iron)^  which  not  unfrequently 
get  mixed  with  the  copper  salt  by  the  carelessness  of  the  shopkeepers' 
ansistants. 

Copylnff  Ooins  and  M<Nla1« — Before  explaining  the  various 
methods  of  obtaining  moulds  from  different  objects,  for  the  purpose 
of  producing  fac- similes  in  copper,  let  us  see  how  wo  may  employ  the 
above  apparatus  in  a  more  dircH^t  way.  Suppose  we  desire  to  obtain  a 
copy,  in  reverse,  of  some  medal  or  old  coi«,  or  even  a  bronze  penny - 
piece,  having  decided  which  side  of  the  coin  it  is  intended  to  electro- 
type— say  the  obrerse  or  "head"  side— we  must  first  render  the 
surface  clean  and  bright.  Tliis  may  be  very  readily  done  by  means 
of  rottenstone  and  a  little  olive  oil,  applied  with  a  piece  of  chamois 
leather  and  briskly  rubbed  over  the  face  of  the  coin.  In  two  or  three 
minutes  the  surface  will  be  sufficiently  bright,  when  the  oil  must  be 
wiped  off  thoroughly  either  with  cotton  wool  or  blotting  paper.  A 
short  piece  of  copper  wire  is  next  to  be  soldered  to  the  back  of  the 
coin,  and  the  polished  side  is  then  to  be  brushed  over  with  a  soft  plate- 
brush  and  plumbago,  or  blacklcad,  which  will  prevent  the  deposited 
copper  from  adhering  to  the  medal.  In  order  to  prevent  the  copper 
from  being  deposited  upon  the  back  and  rim  these  parts  must  be 
coated  with  some  non-conduethu;  material.  For  this  purpose  paraffin 
wax,  applied  by  gently  heating  the  medal  and  touching  it  with  the 
wax,  or  red  sealing-wax,  dissolved  in  spirit  of  wine  or  wood  spirit 
(pyroxylic  spirit),  brushed  over  the  surfaces  to  be  protected,  will 
answer  well ;  but  if  the  latter  is  employed  it  must  become  thoroughly 
dry  before  being  placed  in  the  copper  solution. 

Being  thus  prepared,  the  end  of  the  conducting  wire  is  to  be  in- 
serted in  the  binding  screw  attached  to  the  zinc  and  securely  fixed  by 
turning  the  screw  until  it  grips  the  wire  firmly.  The  coin  must  be 
lowered  into  the  solution  steadily,  with  its  face  towards  the  porous 
cell,  and  if  any  air-bubbles  appear  upon  its  face  they  must  be  re- 
moved by  means  of  a  camel-hair  brush,  or,  still  better,  by  blowing 
upon  them  through  a  glass  tube.  It  is  a  good  plan  to  breatlie  upon 
the  face  of  the  coin  before  placing  it  in  the  solution,  which,  by  cover- 
ing it  with  a  layer  of  moisture,  effectually  prevents  the  formation  of 
air-bubbles. 

In  about  twenty -four  hours  from  tlie  first  immersion  of  the  medal 
the  deposit  of  copper  will  generally  be  sufficiently  stout  to  bear  re- 
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mo\ing  from  the  original,  when  the  extraneous  copper,  which  has 
sj)read  round  tlie  ed^e  of  tlie  deposit,  or  electrotype,  may  Ix?  carefully 
broken  away  by  means  of  small  pliers ;  if  the  medal  be  gently  heated 
over  a  small  lamp,  the  electrotyjMJ  will  readily  become  detached, 
and  will  present,  in  rever»e^  a  perfect  copy  of  the  original,  in  which 
even  the  very  finest  lines  will  b©  accurately  reproduced.  In  its 
present  condition  the  electrotype  is  hard  and  brittle,  and  will,  there- 
fore, require  careful  handling.  To  give  it  the  toughness  and  flexi- 
bility of  rolled  copper  it  is  only  necessary  to  heat  the  electrotype  to 
dull  redness,  which  may  be  conveniently  done  by  placing  it  on  a  piece 
of  sheet-iron,  and  laying  this  on  the  clear  part  of  a  fire  until  red  hot, 
when  it  must  be  withdrawn  and  the  "  type*'  set  aside  to  cool.  If 
placed  in  a  very  weak  solution  of  sulphuric  acid  for  a  few  moments, 
then  rinsed  and  dried,  and  afterwards  brushed  over  with  a  little  rouge 
or  whiting,  its  surface  may  be  readily  brightened. 

If  wo  desire  to  obtain  a  copy  iw  reHef  from  our  elec^trotype  (also  in 
copper)  we  must  now  trt^at  it  as  the  mouldy  following  the  same  routine 
as  before  in  all  respects,  by  which  we  shall  obtain  a  perfect  fac -simile 
of  the  original  coin,  which  may  be  mounted  and  bronzed  by  any  of 
the  processes  hereafter  given. 

Having  thus  seen  what  results  may  be  obtained  with  the  most 
simple  application  of  the  single-cell  process,  we  will  next  turn  our  at- 
tention tx)  the  different  methods  of  obtaining  moulds  from  various 
objects,  but,  before  doing  so,  it  will  bo  necessary  to  consider  tho 
nature  of  the  several  substances  which  are  employed  in  mouldwff  and 
the  methods  of  preparing  them  for  use. 

Monldlns  Materials. — The  chief  substances  used  in  the  electro- 
typing  art  for  making  moulds  are  gutta-percha,  wax,  and  fusible 
metal ;  other  materials,  however,  are  employed  in  certain  cases  in 
which  the  substances  named  would  bo  inapplicable.  The  various 
materials  will  be  considered  under  their  separate  heads,  a*  follows : — 

autta-perdia. — This  most  useful  moulding  material  is  the  concrete 
juice  of  Isonandra  Gnita^  a  tree  growing  only  in  the  Malayan  Archi- 
pelago, and  of  other  species  of  the  same  genus.  The  stem  of  the 
gutta-percha  tree,  -which  sometimes  acquires  the  diameter  of  5  or  6 
feet,  after  being  notched  yields  a  milky  juice  which,  when  ex- 
posed to  the  air  for  some  time,  solidifies,  and  this  constitutes  the 
gutta-percha  of  conmierce.  As  imported,  it  is  in  irregTilar  blocks  of 
some  pounds  in  weight,  and  conmionly  containing  a  large  proportion 
of  impurities  in  the  shape  of  bark,  wood,  stones,  and  earthy  matter. 
To  purify  the  crude  article  it  is  first  cut  in  thin  slices,  which  are  after- 
wards torn  into  shreds  by  machinery.  These  are  next  softened  by 
hot  water  and  afterwards  kneaded  in  a  masticator j  by  which  the  im- 
purities become  gradually  washed  away  by  the  water.    After  several 
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honre  the  gutta-percha  is  found  to  be  kneaded  into  a  perfectly  homo- 
geneous mass,  which  is  rolled  or  drawn  into  sheets,  bands,  &c. 

Gutta-percha  becomes  soft  and  plastic  at  the  temperature  of  boiling 
water  (212°  Fahr.),  when  two  pieces  may  be  welded  together.  It  is  a 
non-conductor  of  electricity,  and  is  indeed  one  of  the  best  inwlatiMff 
materialB  known ;  it  is  impervious  to  moisture,  and  is  scarcely  at  all 
affected  by  either  acids  or  alkalies.  Owing  to  its  plasticity  when  soft, 
it  is  one  of  the  most  useful  materials  for  making  moulds,  yielding  im- 
pressions which  are  exquisitely  sharp  in  the  very  finest  lines.  When 
used  for  making  moulds  from  small  objects,  as  coins,  medallions,  or 
sealing-wax  impressions  of  seals,  a  piece  of  gutta-percha  of  the  re- 
quired size  is  placed  in  hot  water  (the  temperature  of  which  should  be 
al)out  160^  Fahr.),  and,  when  sufficiently  soft,  it  should  be  rolled 
while  still  wet  in  the  palms  of  the  hands  until  it  assumes  the  form  of 
a  ball ;  it  should  then  again  be  soaked  in  the  hot  water  for  a  short 
time,  and  be  again  rolled  as  before,  care  being  taken  to  observe  that 
the  surface  of  the  ball  exhibits  no  seams  or  fissures.  When  larger 
objects  have  to  be  copied  stout  sheet  g^tta-percha  is  used,  and  a  piece 
of  the  required  size  out  from  the  sheet,  which  is  softened  as  before, 
then  applied  to  the  object,  and  the  necessary  pressure  g^ven  to  secure 
a  faithful  impression. 

FUstle  Chitta-pcrolia. — ^When  gpitta-percha  is  steeped  for  a  few 
hours  in  benzol  or  naphtha  it  becomes  considerably  swollen  ;  if  after- 
wards soaked  in  hot  water  it  is  exceedingly  plastic,  and  requires  but 
moderate  pressure  to  obtain  most  perfect  copies  from  even  such  fragile 
objects  as  plaster  of  Paris  models. 

Chitta-p«r6ha  mad  Mnr**'^  OIim. — ^The  following  has  also  been 
recommended :  gutta-percha  2  parts,  Jeffrey's  marine  glne  i  part. 
Each  of  the  materials  is  first  to  be  cut  up  into  thin  strips  ;  they  are 
then  to  be  mixed,  placed  in  a  pipkin  and  heated  gently,  with  con- 
tinual stirring,  until  the  substances  have  become  well  incorporated : 
the  mixture  is  now  ready  for  use,  and  should  be  rolled  into  the  form 
of  balls  before  being  applied  for  taking  impressions.  A  very  useful 
mixture  is  made  by  melting  thin  strips  of  gutta-percha  as  before,  and 
adding  one-third  part  of  lard,  keeping  the  mixture  well  stirred.  It  is 
applied  by  pouring  it  over  flat  surfaces,  as  steel  plates,  &c. 

Be— wajt. — This  is  a  very  useful  material  for  moulding,  and  may  be 
applied  either  in  the  form  of  virgin  or  white  wax,  or  the  ordinary 
commercial  article — yellow  beeswax.  Since  this  substance,  however, 
is  very  commonly  adulterated,  it  may  be  useful  to  know  something  of 
its  natural  characteristics.  At  the  temperature  of  32°  Fahr.  beeswax 
becomes  brittle,  at  from  80*^  to  90°  it  becomes  soft  and  plastic,  and  it 
melts  at  about  155**  Fahr.  Mr.  B.  S.  Proctor  says:  **It  becomes 
pUstio  or  kneadable  at  about  85°  Fahr. ,  and  its  behaviour  while  worked 
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between  the  finger  and  thumb  is  characteriBtic.  A  pieoe  the  size  of 
a  pea  being  worked  in  the  hand  till  tough  with  the  warmth,  then 
placed  upon  the  thumb  and  forcibly  stroked  down  with  the  forefinger, 
curls  up,  following  the  finger,  and  is  marked  by  it  with  longitudinal 
streaks."  Its  ordinary  adulterants  are  resin,  farina,  mutton  suet, 
and  stearine,  though  more  ponderous  substances,  such  as  plaster  of 
Paris,  have  sometimes  been  detected.  White  wax  is  very  commonly 
adulterated  with  spermaceti,  sometimes  to  the  extent  of  two- thirds  of 
the  latter  to  one  of  wax.  These  sophistications,  although  not  neces- 
sarily fatal  to  the  preparation  of  good  moulds,  are  certainly  objection- 
able, inasmuch  as  it  not  unfrequently  happens  that  a  wax  mould 
splits  or  cracks,  not  alone  from  cooling  too  quickly,  but  owing  to  the 
presence  of  for^g^  substances  which  impair  its  toughness. 

SdnHng-waXi — This  substance  may  be  employed  for  taking  impres- 
sions of  seals  or  crests,  and  was,  indeed,  one  of  the  first  materials  used 
in  the  earliest  days  of  electrotyping.  The  material,  however,  should 
be  of  good  qjoality,  and  only  sufficient  heat  applied  to  melt,  without 
inflaming  it. 

BtearliM.  Stearic  Aeid. — The  former  substance  is  the  solid  con- 
stituent of  tallow,  and  the  latter  (stearic  acid)  is  the  same  substance 
separated  from  fats  by  chemical  processes.  Either  may  be  used  for 
making  moulds  instead  of  wax  ;.  but  the  late  C.  V.  Walker  recom- 
mended the  following  mixture  in  preference  to  either : — 

ozs. 

Spermaceti 8 

Wax ij 

Mutton  Saet i] 

Another  formula  consists  of ; — 

ozs. 

White  Wax 8 

Stearine 3 

Flake  White  or  Litharge    ....  | 

The  whole  ingredients  are  put  into  a  pipkin  and  gently  heated  over 
a  low  fire,  with  continual  stirring,  for  about  half  an  hour,  after  which 
the  mixture  is  allowed  to  rest  until  the  excess  of  litharge  (oxide  of 
lead)  has  deposited.  The  clear  residue  is  then  to  be  poured  into  a 
shallow  dish,  and  when  cold  is  put  aside  until  required  for  use. 

rvudbla  MetaL— This  alloy,  which  melts  at  the  temi)erature  of 
boiling  water,  and  in  some  preparations  very  much  below  that  point, 
is  very  useful  for  making  moulds  from  metallic  and  some  other  objects ; 
and  since  it  can  be  used  over  and  over  again,  and  is  capable  of  yielding 
exceedingly  sharp  impressions,  it  may  be  considered  one  of  the  most 
serviceable  materials  employed  for  such  purposes.    The  following 
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toS 


represent  the  principal  fonnulee  for  fusible  metal,  the  last  ol  which 
melts  at  the  low  temperature  of  151"  Fahr.  or  61°  below  the  boilingc 
point  of  water : — 

OZS.  OZB.  ozs. 

8        II.  Bismuth .  8  III.  Bismuth  8 

4              Lead       .  5  Lead       .  4 

4              Tin         .  4  Tin          .  2 

Antimony  i  Cadmium  2 


I.  Bismuth 
Lead 
Tin 


16  18  16 

The  metals  are  to  be  put  into  a  crucible  or  clean  iron  ladle,  and 
melted  over  a  low  fire ;  when  thoroughly  fused,  the  alloy  is  poured 
out  upon  a  cold  surface  in  small  buttons  or  drops,  and  these,  when 
cold,  are  to  be  again  melted  and  poured  out  as  before,  the  operations 
to  be  repeated  several  times  in  order  to  ensure  a  perfect  admixture  of 
the  metals.  Another  and  better  plan  is  to  gramilate  the  metal,  or 
reduce  it  to  small  grains  in  the  following  way : — Fill  a  tall  jar  or 
other  vessel  with  cold  water,  and  on  the  surface  of  the  water  place  a 
little  chopped  straw  (about  3  inches  in  length).  When  the  metal  is 
melted,  get  an  assistant  to  stir  the  water  briskly  in  one  direction,  then 
pour  in  the  metal,  holding  the  ladle  at  some  distance  from  the  surface 
of  the  water ;  by  this  means  the  metal  will  be  diffused  and  separated 
into  a  considerable  number  of  small  grains.  The  water  is  then  to  be 
poured  off,  and  the  grains  collected,  dried,  and  re-melted,  after  which 
another  melting  and  granulation  may  be  effected,  and  the  alloy  finally 
melted  and  cast  into  a  mould,  or  simply  poured  out  upon  a  flat  iron  or 
other  surface,  when  it  will  be  ready  for  future  use.  By  the  repeated 
melting,  the  alloy  loses  a  little  by  the  oxidation  of  the  metals  ;  but 
since  the  heat  required  to  fuse  it  is  less  than  that  of  boiling  water,  the 
loss  is  but  trifling,  as  compared  with  the  importance  of  obtaining  a 
perfect  alloy  of  the  various  metals.  It  should  be  the  practice  to 
remove  the  crucible  or  ladle  from  the  fire  the  moment  the  alloy  begfins 
to  melt,  and  to  depend  upon  the  heat  of  the  vessel  to  complete  the 
fusion. 

Blaatle  Monldlns  Material. — For  making  moulds  from  objects 
which  are  much  uudtr  cuty  in  which  case  neither  of  the  foregoing  sub- 
stances would  be  available,  an  elastic  material  is  employed  which  has 
the  same  composition  as  that  from  which  printers*  rollers  are  made, 
that  is  to  saj,  a  mixture  of  glue  and  treacle,  the  formula  for  which 


is: — 


Glue  of  the  best  quality 
Treacle     . 


ozs. 
12 


»5 
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The  glue  in  first  to  be  covered  with  cold  water  and  allowed  to  stand 
for  at  least  twelve  hours,  by  which  time  it  should  be  perfetly  soft 
throughout.  The  excess  of  water  is  then  to  be  poured  off,  and  the 
vessel  placed  in  a  saucepan  or  other  convenient  utensil,  containing  a 
little  water,  and  heat  applied  until  the  glue  is  completely  melted, 
which  may  be  aided  by  frequent  stirring.  When  quite  melted,  pour 
in  the  treacle,  and  ag^in  stir  until  perfect  incorporation  of  the 
ingredients  is  effected,  when  the  composition  may  be  set  aside  to  cool 
until  required  for  use.  To  check  evaporation  and  consequent  drying 
of  the  surface,  the  vessel,  when  the  material  is  quite  cold,  may  be 
inverted  over  a  piece  of  clean  paper,  by  which,  aUo,  it  will  be  pro- 
tected from  dust.  The  compound  thus  formed  is  exceedingly  elastic, 
and  may  readily  be  separated  from  models  even  when  severely 
undercut.  Owing  to  the  sobthilUy  of  this  composition,  however,  some 
care  is  necessary  in  using  it,  otherwise  it  will  become  partially  dis- 
solved in  the  copper  solution  or  bath.  This  is  more  likely  to  occur, 
however,  when  the  solutions  are  of  less  strength  than  naturatedy  by 
which  term  we  understand  that  the  wator  present  holds  as  much 
sulphate  of  copper  in  solution  as  it  is  capable  of  doing.  Various 
remedies  for  overcoming  this  disadvantage  will  be  given  when 
treating  of  the  methods  of  obtaining  moulds  from  the  material. 

Flast«r  of  Paris. — This  substance  is  also  used  for  mould -making, 
either  from  metallic  or  natural  objects ;  but  the  plaster  sliould  be  of  the 
finest  quality,  such  as  is  used  by  Italian  image  makers  for  the  mifface 
of  their  work,  and  not  the  coarse  material  usually  sold  in  the  shops. 
The  plaster  should  he  fresh  when  purchased  and  preserved  in  a  closely- 
covered  jar  until  required  for  use. 

Having  thus  far  considered  the  materials  used  in  making  moulds 
for  electrotype  purposes,  we  will  next  explain  the  mothwls  of  applying 
them,  confining  our  observations  to  the  more  simple  examples  in  the 
initial  stages  of  the  process. 


CHAPTER  V, 
ELECTRO-DEPOSITION  OF  COPPER  {continued). 

Moulding  in  Gutta-p«rcha. — Plumbagoing  the  Mould. — Treatment  of  the 
Electrotype. — Bronzing  the  Electrotype. — Moulds  of  Sealing-wax.-— 
Copying  Plaster  of  Paris  Medallions. — Preparing  the  Mould. — Plumba- 
going.— Clearing  the  Mould. — Wax  Moulds  from  Plaster  Medallions. — 
Moulds  from  Fusible  Metal. 

MoQldlnc  in  Ontta-p«reluL — In  the  former  caAe,  we  explained 
how  a  copy  of  a  coin  could  be  obtained,  in '  reverse,  by  making  the 
original  act  as  the  mould.  We  will  now  turn  our  attention  to 
obtaining  fac- simile  duplicates  in  relief,  from  impressions  or  moulds  of 
similar  objects,  from  such  of  the  materials  de.«)cribed  in  the  last 
chapter  as  will  best  answer  the  purpose ;  and  since  the  application 
of  these  materials  in  the  simple  way  we  shall  indicate  will  lead  to 
an  understanding  of  the  general  principles  of  mould-making,  it  is 
recommended  that  the  student  should  endeavour  to  acquire  adroitness 
in  taking  impressions  which  will  be  perfectly  sharp  and  clear,  before 
he  attempts  to  obtain  metallic  deposits  of  copper  upon  them. 

To  obtain  a  copy  of  a  modal,  coin,  or  other  similar  object,  the  most 
convenient  material  to  employ  is  gutta-percha.  Take  a  small  piece 
of  this  substance  and  place  it  in  hot  but  not  boiling  water  for  a  few 
minutes,  or  until  it  is  perfectly  soft ;  while  still  wet,  roll  it  between 
the  palms  of  the  hands  until  it  assumes  the  form  of  a  ball ;  it  should 
then  be  replaced  in  the  water  for  a  short  time,  and  again  rolled  as 
before.  The  coin  to  be  copied  is  now  to  be  laid,  face  upward,  upon  a 
piece  of  plate-glass,  slate,  or  polished  wood.  Now  take  the  ball  of 
gutta-percha  and  place  it  in  the  centre  of  the  coin,  and  press  it  firmly 
all  over  it,  from  the  centre  to  its  circumferrnee,  so  as  to  exclude  the  air, 
and  in  doing  this  it  may  be  necessary  to  occasionally  moisten  the  tips 
of  the  fingers  with  the  tongne  to  prevent  the  gutta-percha  from 
sticking  to  them.  A  flat  piece  of  wood  may  now  be  laid  over  the 
gutta-percha,  and  if  this  be  pressed  forcibly  by  the  hands  this  will 
ensure  a  perfect  impression.  After  about  a  quarter  of  an  hour  or  so, 
the  gutta-percha  mould  may  be  readily  removed  from  the  coin,  pro- 
vided that  the  material  has  set  hard. 

Flwm^Seliig  tiM  BionkL — Having  thus  obtained  a  mould  from  a 
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material  which  in  a  non-conductor  of  electricity,  we  next  proceed  to 
give  it  a  conducting  surface,  without  which  it  would  be  incapable  of 
receiving  the  metallic  deposit  of  copper  which  constitutes  an  electro- 
type. For  this  purpose,  plumbago^  or  graphite^*  is  usually  employed. 
To  plumbago  the  surface  of  the  gutta-percha  mould  proceed  as 
follows  : — Hold  the  mould  between  the  fingers  of  the  left  hand,  face 
upwards  ;  now  dip  a  soft  camel-hair  brush  in  finely -powdered  plum- 
bago (which  should  be  of  good  quality)  and  briskly  brush  it  all  over 
the  surface,  every  now  and  then  taking  up  a  fresh  supply  of  plumbago 
with  the  brush.  Care  must  be  taken  to  well  brush  the  i>owder  into 
every  crevice  of  the  impression,  and  it  is  better  to  work  the  brush  in 
circles,  rather  than  to  and  fro,  by  which  a  more  pci*fe(*t  coating  is 
obtained.  When  properly  done,  the  face  of  the  mould  haw  a  bright 
metallic  bistre,  resembling  a  well-polished  (that  is  blackleaded)  stovt*. 

In  order  to  prevent  the  deposit  of  copper  from  taking  place  on  the 
upper  edge  (beyond  the  actual  impression),  the  plumbago  which  ban 
been  accidentally  brushed  over  this  surface  should  be  removed,  which 
may  be  conveniently  done  by  rubbing  it  off  with  a  piece  of  damp  rag 
placed  over  the  forefinger.  The  mould  is  now  to  be  attached  to  the 
conducting  wire  by  gently  heating  its  longer  end  in  the  flame  of  a 
candle  or  ignited  match,  and  then  placing  it  on  the  edge  of  the  mould, 
as  far  as  the  circumference  of  the  impression ;  by  giving  it  goutlo 
pressure  it  will  become  sufficiently  imbedded ;  the  wire  must  not, 
however,  be  below  the  flat  surface  of  the  mould.  If  held  steadily 
in  the  hand  for  a  few  moments,  or  until  the  wire  and  gutta-percha 
have  cooled,  the  joint  will  sety  and  the  mould  may  then  be  carefully 
laid  aside  until  the  point  of  junction  has  set  firm.  A  little  plumbago 
must  now  be  brushed  over  the  joint,  so  as  to  ensure  a  perfect  eiecirical 
eofinection  between  the  wire  and  the  plumbagoed  mould. 

The  mould  being  attached  to  the  conducting  wire,  must  now  be 
connected  to  the  zinc  by  its  binding-screws  as  before  (Fig.  54),  and  botli 
should  be  immersed  at  the  same  time  in  their  respective  solutions,  but 
this  must  be  done  with  care,  otherwise  the  mould  may  become  separated 
from  the  wire.  It  may  be  well,  in  this  place,  to  call  attention  to  certain 
precautions  which,  if  carefully  followed,  will  prevent  failure,  and 
consequent  disappointment,  in  electrotyping. 

Precautions. — I.  The  solution  of  copper  to  be  used  in  the  single-cell 
apparatiis  must  be  kept  as  nearly  as  possible  in  a  saturated  condition, 
which  is  effected  by  keeping  the  shelf  or  tray  constantly  supplied  witli 
crystals  of  sulphate  of  copper.  2.  The  superficial  surface  of  zinc 
immersed  in  the  porous  cell  should  not  be  much  greater  than  that  of 
the  mould  to  be  copied.     3.  The  solution  should  be  stirred  with  a 


*  Commonly  called  blacklead,  but  in  reality  carbon  in  a  crude  state. 
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glass  rod  or  strip  of  wood  before  immersing  the  mould,  especially  if  it 
has  been  previously  used  for  electrotyping ;  if  this  is  not  done,  the 
deposit  may  become  irregular  in  thickness.  4.  The  plumbagpoed 
mould  should  not  be  disturbed  until  its  entire  surface  is  covered  with 
copper.  A  few  moments  after  inmiersion,  a  bright  pinldsh  red 
deposit  of  c«pper  will  be  observed  at  the  end  of  the  wire,  which  in  a 
short  time  will  radiate  in  the  direction  of  the  plumbagoed  surface, 
and  this  will  gradually  extend  wherever  this  conducting  medium  has 
been  spread  with  the  brush,  provided  the  operation  has  been  con- 
ducted with  proper  care,  and  an  uniform  coating  obtained. 

Tr«atnMnt  of  th*  BtocU'otyy. — A  sufficiently  stout  deposit  of 
copper,  upon  a  gutta-percha  mould  of  a  small  coin,  may  generally  be 
obtained  in  about  two  days,  or  even  in  less  time,  under  the  most 
favourable  conditions ;  but  it  is  not  advisable  to  attempt  to  separate 
the  electrotype  from  the  mould  while  the  deposit  is  very  thin,  other- 
wise the  former  may  become  broken  in  the  operation.  Assuming  the 
deposit  to  be  thick  enough,  the  first  thing  to  do  is  to  cut  the  end  of 
the  wire  connected  to  the  mould  with  a  pair  of  cutting  pliers  or  a  file, 
after  which  the  superfluous  copper  may  be  removed  from  the  outer 
edge  by  breaking  it  away  with  the  pliers,  taking  care  not  to  injure 
the  '*  type  '*  itself.  The  mould  may  then  be  placed  in  hot  water  for 
a  moment,  when  the  electrotype  will  readily  separate  from  the  gutta- 
percha. In  order  to  give  additional  solidity  to  the  electrotype,  it  should 
be  backed  up  with  pewter  solder,  which  may  easily  be  done  as  follows : — 
Put  a  small  piece  of  zinc  into  about  a  teaspoonful  of  hydrochloric  acid 
(muriatic  acid) ;  when  the  cffcrve8(;ence  which  takes  place  has  ceased, 
brush  a  little  of  the  liquid,  which  is  a  solution  of  chloride  of  zinc, 
over  the  back  of  the  electrotype,  and  then  apply  solder  by  means  of  a 
moderately -hot  soldering  iron,  until  the  entire  surface  is  iinnedy  as  it 
is  called,  when  a  further  supply  of  solder  should  be  run  on  tf)  the 
back  to  give  the  required  solidity.  When  this  is  done,  the  rough 
edge  of  the  electrotype  should  be  rendered  smooth  with  a  keen  file. 

Bmmmlng  Xbm  Hlactrotype. — ^To  impart  an  agreeable  bronze  ap- 
pearance to  the  type,  it  should  first  be  cleaned  by  brushing  it  with 
a  solution  of  carbonate  of  potash  (about  half  a  teaspoonful  in  an  oimce 
of  water),  and  applying  at  the  same  time  a  little  whiting.  An 
ordinary  tooth-brush  may  be  used  for  this  purpose,  and  after  brisk 
rubbing  the  type  must  be  well  rinsed  in  clean  water.  The  bronze 
tint  may  be  given  by  brushing  over  it  a  weak  solution  of  chloride  of 
platinum  (i  grain  to  an  ounce  of  water) ;  when  the  desired  tint  is 
obtained,  the  t3rpe  is  to  be  rinsed  with  hot  water  and  allowed  to  dry. 
The  tone  may  be  varied  from  a  delicate  olive -brown  to  deep  black, 
arcording  to  the  proportion  of  platinum  salt  emplnycd.  A  few  drops 
of  sulphide  of  ammonium  in  water,  or,  still  better,  a  few  grains  of 
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sulphide  of  barium  dissolved  in  water,  will  give  very  pleasing  bronxe 
tints  to  the  copper  surface,  the  depth  of  which  maj  be  regulated  at 
will  by  a  longer  or  shorter  exposure  to  the  ^action  of  the  bronzing 
material.  Jf  a  solution  of  sulphide  of  barium  be  used,  about  5  grains 
to  the  ounce  of  water  will  produce  a  pleasing  tone  in  a  few  seconds. 
It  is  better  to  immerse  the  electrotype  in  the  liquid  (previously 
filtered)  and  to  remove  it  the  instant  the  desired  tone  is  reached,  and 
to  place  it  at  once  in  clean  water. 

Another  method  of  bronzing  electrotypes  is  by  the  application  of 
plumbago,  hj  which  very  pleasing  effects  may  be  obtained  with  a 
little  care  in  the  manipulation.  The  surface  of  the  electrotype  is  to 
be  first  cleaned  with  rotten  stone  and  oil ;  the  oil  is  then  to  be  par- 
tially removed  by  a  tuft  of  cotton  wool,  and  the  surface  is  next  to  be 
brushed  lightly  over  with  plumbago  (a  soft  brush  being  used)  until  a 
perfectly  imiform  coating  is  given.  It  is  next  to  be  heated  to  a  point 
that  would  singe  the  hair  of  the  blacklead  brush,  and  then  set  aside 
to  cool,  after  which  it  must  be  brushed  with  considerable  friction. 
The  tint  will  depend  upon  the  quantity  of  oil  allowed  to  remain,  this 
enabling  the  surface  to  retain  more  of  the  blacklead,  consequently  to 
appear  of  a  darker  colour.  The  effect  is  very  fine,  and  gives  high 
relief  to  the  prominent  parts,  from  their  getting  so  much  more  polish 
than  the  hollows,  thus  obviating  the  disagreeable  effect  which  all 
unbronzcd  bassi-relievi  produce  by  reason  of  their  metallic  glare. — 
Hockin. 

The  beautiful  red  bronze  tone  which  is  seen  on  exhibition  and  other 
medals  is  produced  by  brushing  over  the  medal  a  paste  composed  of 
peroxide  of  iron  (jewellers'  rouge)  and  plumbago,  after  which  the 
article  is  moderatly  heated,  and  when  cold  is  well  brushed  until  it 
acquires  the  necessary  brightness  and  uniformity  of  surface.  Equal 
parts  of  fine  plumbago  and  jewellers'  rouge  are  mixed  up  into  an 
uniform  paste  with  water,  and  the  cleaned  medal  is  then  uniformly 
brushed  over  with  the  mixture,  care  being  taken  not  to  allow  the 
fingers  to  come  in  contact  with  the  face  of  the  object.  The  medal  is 
then  placed  on  a  stout  plate  of  iron  or  copper,  and  this  is  heated  until 
it  acquires  a  dark  colour  ;  it  is  then  removed  from  the  fire  and  allowed 
to  become  cold.  It  is  next  brushed  for  a  long  time,  and  in  all 
directions,  with  a  moderatly  stiff  brush,  which  is  frequently  passed  over 
a  block  of  yellow  beeswax,  and  afterwards  upon  the  paste  of  plum- 
bago and  rouge.  The  bronzing  may  also  be  produced  by  dipping  the 
cleaned  medal  in  a  mixture  composed  of  equal  parts  of  perchloride 
and  pemitrate  of  iron ;  the  medal  is  then  to  be  heated  until  the.'^c 
salts  are  thoroughly  dry.  It  is  afterwards  brushed  as  before  with  the 
waxed  brush  until  a  perfectly  uniform  and  bright  surface  is  obtained. 

Bronzing  may  alao  be  effected  by  dipping  the  medal  in  a  solution  of 
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sulphide  of  ammonium,  and  when  this  has  dried,  the  plumbago 
and  rouge  paste  is  to  be  applied  as  before,  and  the  waxed  brush  again 
employed.  If  the  object  be  heated  after  applying  the  sulphide  of 
ammonium,  a  black  bronze,  called  '*  smoky  bronze,*'  is  pijpduoed,  and 
if  the  high  lights  be  lightly  rubbed  with  a  piece  of  chamois  leather 
dipped  in  spirit  of  wine,  a  very  pleasing  effect  of  contrast  is  obtained. 

Moulds  of  ileaUng  "WtOL, — This  material  is,  as  we  have  said,  very 
useful  for  obtaining  impressions  of  seals,  signet  rings,  and  other  small 
objects.  A  simple  way  of  taking  an  impression  in  sealing-wax  is  as 
follows :  Hold  a  card  over  a  small  benzoline  lamp,  but  not  touching 
the  flame  ;  now  take  a  stick  of  the  best  red  sealing-wax  and  allow  it 
to  touch  the  heated  part  of  the  paper,  working  it  round  and  round 
until  a  sufficient  quantity  of  the  wax  becomes  melted  upon  the  card. 
Now  place  the  card  upon  the  table,  and  ha^dng  gently  breathed  upon 
the  seal  or  signet  ring,  impress  it  in  the  usual  way.  Having 
secured  an  impression,  cut  away  the  superfluous  portions  of  the  card 
with  a  pair  of  scissors,  and  moisten  the  wax  impression  with  a  few 
drops  of  spirits  of  wine.  When  this  has  apparently  dried,  proceed  to 
brush  plumbago  over  the  surface,  using  a  camel-hair  brush,  and  when 
perfectly  coated,  gently  heat  the  end  of  the  conducting- wire  and  apply 
it  to  the  edge  of  the  sealing-wax,  allowing  the  point  of  the  wire  to 
approach  the  edge  of  the  impression.  Now  brush  a  little  plumbago 
on  the  point,  and  connect  the  short  end  of  the  wire  to  the  binding- 
screw. 

After  having  obtained  several  electrotypes  successfully,  and  thereby 
become  att  fait  to  the  manipulation  of  the  single-cell  apparatus,  the 
student  will  naturally  desire  to  extend  operations  to  objects  of  a  more 
important  nature,  such  as  medallions,  busts,  statuettes,  and  natural 
objects,  as  leaves,  fishes,  &c.  But  before  attempting  the  more  elabo- 
rate subjects  it  will  be  well  to  select,  for  our  next  operation,  one  of  a 
simpler  character,  such  as  a  plaster  of  Paris  medallion,  an  admirable 
model  to  reproduce  in  metallic  copper. 

Copyiag  Flastar  of  Paris  Bladallloiis. — These  pleasing  works  of 
art,  which  may  be  obtained  at  small  cost  from  the  Italian  image 
makers,  are  specially  suited  for  the  elementary  study  of  tlv,e  electrotype 
process,  while  a  cabinet  collection  of  such  objects  reproduced  in  copper 
forms  an  exceedingly  interesting  record  of  the  manipulator's  skill  and 
perseverance.  There  are  several  materials  from  which  moulds  from 
plaster  medallions  may  be  obtained ;  but  we  will  first  describe  the 
method  of  preparing  a  mould  with  gutta-percha.  To  render  the 
plaster  more  capable  of  bearing  the  treatment  it  will  have  to  be  sub- 
jected to,  the  face  of  the  medallion  should  first  be  brushed  over  with 
boiled  linseed  oil,  and  this  allowed  to  sink  well  into  the  plaster.  After 
about  two  days  the  oil  will  have  sufficiently  dried  and  hardened  upon 
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tiie  sarface  to  render  the  plaster  less  liable  to  injury.  The  medallion 
thus  prepared  is  next  to  be  provided  with  a  rim  or  collar  of  pasteboard 
or  thin  sheet  tin^  which  must  be  tightly  secured  round  its  circumference 
either  by  means  of  thin  copper  wire,  jeweller's  **  binding- wire,"  or 
strong  twine.  The  rim  should  project  about  half  an  inch  above  the 
highest  point  on  the  face  of  the  medallion,  and  must  be  on  a  level 
with  its  base ;  it  is  then  to  be  laid  upon  a  perfectly  smooth  surface  until 
the  moulding  material  is  ready.  We  recommend  the  student  to  prac- 
tise upon  small  medallions  at  first ;  say  about  two  inches  or  two  inches 
and  a  half  in  diameter. 

Vrwpartns  tb^  Monld. — A  lump  of  gutta-percha  is  now  to  be  taken 
of  sufficient  size  to  cover  the  medallion,  fill  the  vacant  space  up  to  the 
top  of  the  rim,  and  project  above  it.  The  gutta-percha  is  to  be 
softened  in  hot  water  and  rolled  up  into  the  form  of  a  ball,  as  before 
directed,  care  being  taken  to  obliterate  all  seatru  or  cracks  by  repeatedly 
soaking  in  the  hot  water  and  rolling  in  the  hands.  It  must  on  no 
account  be  applied  until  it  is  perfectly  smooth,  and  as  soft  as  hot  water 
will  make  it.  To  give  additional  smoothness  to  the  surface  of  the  ball, 
it  may  be  lightly  rolled  round  and  round,  with  one  hand  only,  for  an 
instant  upon  a  polished  table  just  before  being  used.  Now  take  the 
ball  in  one  hand  and  place  it  in  the  centre  of  the  medallion ;  then  press 
it  firmly  from  the  centre  towards  the  circumference,  taking  care  not 
to  shift  it  in  the  least  degree.  The  gutta-percha  must  be  pressed  well 
into  the  cavity,  and  w^hen  this  is  done,  a  piece  of  flat  wood  may  be 
placed  on  the  mass  and  this  pressed  with  both  hands  with  as  much 
force  as  possible  for  a  few  moments,  when  it  may  be  left  until  the 
gutta-percha  has  set  hard.  If  convenient,  a  weight  may  be  placed 
upon  the  board  after  having  pressed  it  with  the  hands.  In  about  half 
an  hour  the  board  may  be  removed,  and  the  mould  allowed  to  rest 
until  quite  cold,  when  the  rim  may  be  removed  and  the  mould  sepa- 
rated by  gently  pulling  it  away  from  the  medallion.  As  a  precaution 
against  breaking  the  plaster  medallion,  it  may  be  well  to  suggest  that 
its  back  should  be  examined,  and  if  it  be  otherwise  than  perfectly  flat, 
it  may  be  advisable  to  gently  rub  it  upon  a  sheet  of  glass-paper,  which 
will  readily  remove  all  irregularities  from  the  surface.  It  is  also 
important  that  the  surface  upon  which  the  medallion  is  laid,  when 
applying  the  gutta-percha,  should  be  quito  level ;  and  it  will  be 
still  better  if  several  folds  of  blotting-paper  are  placed  between  the 
table  and  the  medallion  before  the  necessary  pressure  is  given.  These 
points  being  attended  to,  there  is  little  fear  of  the  medallion  becoming 
broken. 

ntunbaffoiiis- — The  gutta-percha  mould  is  now  to  be  well  plum- 
bagoed,  for  which  purpose  a  soft  brush,  such  as  jewellers  use  for 
brushing  plate  and  jewellery  that  has  been  rouged,  may  be  used,  and 
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tliiH  being  frequently  dipped  into  tlie  plumbago  is  to  be  lightly  but 
brinkly  applied,  Hpecial  care  being  taken  to  well  plumbago  the  hoUotca, 
When  it  in  borne  in  mind  that  the  most  delicate  line,  even  if  imper- 
ceptible to  the  eye,  will  be  reproduct*d  in  the  metallic  copy,  the 
importance  of  not  injuring  the  face  of  the  mould  will  become  at  once 
apparent.  It  is  also  absolutely  necessary  that  the  gutta-percha  should 
be  of  the  best  quality,  and  since  the  same  material  may  be  used  over 
and  over  again,  its  first  cost  is  of  little  consideration. 

daarlas  tli«  Mould. — The  mould  being  well  coated  with  plum- 
bago, all  excess  of  this  material  which  has  become  spread  over  the 
outer  edges,  beyond  the  impression  itself,  must  be  wiped  away,  and 
the  more  completely  tliis  is  done  the  less  trouble  will  there  bo  after- 
wards in  clearing  away  from  the  electrotype  the  crystalline  deposit 
which,  under  any  circumstances,  forms  around  the  circumference  of  the 
electrotype.  Indeed,  when  the  student  has  once  or  twice  experienced 
the  inconvenience  of  having  to  remove  the  superfluous  copper  from 
his  electrotypc^s,  he  will  not  fail  to  exert  his  wits  to  diminish  the 
labour  which  this  involves  as  far  as  practicable,  by  every  possible  care 
before  the  mould  goes  into  the  copper  bath.  We  therefore  urge  for  his 
guidance,  that  the  removal  of  the  excess  of  plumbago  should  be  deemed 
one  of  the  important  details  of  his  manipulation,  and  that  it  should  never 
l)e  neglected.  After  wiping  away  the  excess  of  blacklead,  it  will  be 
found  a  good  plan  to  place  a  piece  of  dry  rag  on  the  forefinger  and  to 
rub  it  on  a  common  tallow  candle,  so  as  to  make  the  part  slightly 
greasy  ;  if  now  the  edge  of  the  mould  (carefully  avoiding  the  impres- 
pion)  be  rubbed  with  the  rag-covered  finger,  this  will  eifectually 
prevent  the  deposit  from  taking  place  upon  such  part ;  before  doing 
this,  however,  the  conducting  wire  should  be  gently  heated  and  im- 
bedded in  the  edge  of  the  mould  as  before,  taking  care  that  the  point 
of  the  wire  touches  the  extreme  edge  of  the  impression,  and  a  perfect 
connection  between  the  wire  and  the  latter  must  be  secured  by  apply- 
ing a  little  plumbago  with  a  camel-hair  brush  or  the  tip  of  the  finger. 
It  is  sometimes  the  practice  to  apply  varnish  of  some  kind  to  the  edge^ 
of  moulds,  and  also  to  the  conducting  wire  as  far  as  the  joining,  but 
until  the  student  has  thoroughly  mastered  the  prtwcss  of  cop3dng 
simple  objects  in  the  way  we  have  indicated,  we  do  not  recommend 
him  to  employ  varnishes ;  indeed  not  until  dealing  with  objects  of 
a  larger  and  more  elaborate  kind. 

The  mould  being  now  ready,  is  to  be  connected  to  the  binding- screw 
by  its  wire,  and  since  the  material  of  which  it  is  composed  is  much 
lighter  than  the  copper  solution,  the  wire  must  be  sufficiently  rigid, 
when  bent  at  right  angles,  as  in  Fig.  54  to  keep  the  mould  \iell  down 
in  the  bath.  Being  placed  in  the  solution,  it  must  be  allowed  to 
remain  undisturbed  until  the  entire  surface  of  the  impression   i^ 
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covered.     In  from  two  to  three  days  the  deposit  should  be  of  sufRciciit 
thi(ikne.ss  to  allow  of  its  separation  froin  tlie  mould. 

For  copying  small  medallions  of  the  size  referred  to,  the  single-cell 
apparatus  shown  in  Fig.  54  may  be  used,  but  for  larger  sizes  or  for 

depositing  upon  seyeral  moulds  at  the 
same  time,  the  arrangement  shown  in 
Fig.  55  will  be  most  suitable.  This 
apparatus  consists  of  a  wood  box  well 
varnished  in  the  interior,  and  divided 
into  two  cells  or  compartments  by  a 
partition  of  thin  porous  wood.  The 
larger  cell  is  nearly  filled  with  a  satu- 
rated solution  of  sulphate  of  copper, 
and  the  smaller  cell  with  a  half-satu- 
rated solution  of  sal-ammoniac.  A 
perforated  shelf  is  suspended  in  the 
larger  compartment  to  contain  a  supply 
of  crystals  of  the  sulphate.  A  plate 
of  pure  zinc,  connected  by  a  copper 
conducting  wire,  is  suspended  in  the 
smaller  cell,  and  the  mould  connected 
to  the  opposite  end  of  the  wire  by 
suitable  binding-screws.  In  this  ar- 
rangement neither  acid  nor  mercury  are  used,  and  although  the  action 
is  not  so  rapid  as  in  the  former  arrangements,  it  is  very  reliable  for 
obtaining  good  results. 

Moulds  finom  Plaster  Medallions. — Beeswax  is 
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a  very 

useful  material  for  preparing  moulds  from  plaster  medallions,  the 
following  simple  method  being  adopted  : — The  medallion,  instead  of 
being  oiled  as  in  the  previous  case,  is  simply  soaked  in  hot  water  for 
a  short  time  or  until  it  has  become  completely  saturated.  First  put  a 
sufficient  quantity  of  wax  into  a  pipkin  and  melt  it  by  a  slow  fire ; 
when  melted,  place  it  on  the  hob  until  wanted.  Place  the  medallion 
face  upwards  in  a  plate  or  large  saucer,  into  which  pour  boiling  water 
until  it  reaches  nearly  half-way  up  its  edge.  In  a  minute  or  two  the 
face  of  the  plaster  '^HLll  assume  a  moist  appearance,  when  the  excess  of 
water  is  to  be  poured  out  of  the  plate.  A  rim  of  card  is  now  to  be 
fastened  roimd  the  edge  of  the  medallion,  which  maybe  secured  either 
by  means  of  sealing-wax  or  a  piece  of  twine.  As  before,  the  rim 
should  extend  about  half  an  inch  above  the  most  prominent  point  of 
the  image.  The  medallion  being  returned  to  the  plate,  the  wax  is 
now  to  be  steadily  poured  on  to  the  face  of  the  object,  the  lip  of  the 
pipkin  being  placed  near  the  pasteboard  rim  and  nearly  touching  it,  to 
prevent  the  formation  of  sir-bubbles.    When  the  caviiy  \a  filled  up  to 
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the  top  of  the  rim,  if  any  air-bubblcA  appear  they  muRt  be  at  onoe 
I'emoved  with  a  camel-hair  brunh  kept  for  thi0  purpose,  or  the  feather 
end  of  a  quill,  or  even  a  strip  of  paper  may  be  used.  The  wax 
must  now  be  allowed  to  cool  as  slowly  as  possible,  and  in  order  to 
favour  this  gradual  cooling,  a  clean,  dry  jar  may  be  inverted  over 
the  mould  and  there  left  until  the  wax  is  quite  cold.  This  precaution 
will  tend  to  prevent  the  wax  from  cracking,  an  event  which  sometimes, 
but  not  very  frequently,  occurs. 

When  quite  cold,  the  wax  mould  will  generally  separate  from  the 
plaster  by  the  application  of  moderate  force  to  pull  them  asunder.  If 
8uch  is  not  the  case,  however,  return  the  medallion  to  the  plate  and 
pour  in  a  littie  boiling  water.  After  a  few  »eeon(W*  immersion  the 
mould  will  easily  come  away.  If,  however,  owing  to  some  irregu- 
larity in  the  face  of  the  medallion,  the  mould  still  refuses  to  separate, 
plunge  the  whole  into  cold  water,  and,  if  necessary,  use  the  edge  of 
a  knife  as  a  lever  between  the  two  surfaces  and  force  them  asunder. 
If  it  be  found  that  small  portions  of  plaster  adhere  to  the  mould  these 
may  be  carefully  picked  out  with  a  fine-pointed  piece  of  wood,  and 
the  mould  afterwards  very  lighUy  brushed  over  with  a  soft  plate  brush. 
Should  it  be  found  that  some  particles  still  obstinately  adhere  to  the 
wax,  apply  a  littie  oil  of  vitriol  with  a  thin  strip  of  wood  to  the  parts 
and  set  the  mould  aside  for  about  twelve  hours,  by  which  time  the  acid, 
by  attracting  moisture  from  the  air,  will  loosen  the  plaster,  which  may 
then  be  brushed  away  with  a  soft  brush  and  water.  The  mould  must 
then  be  put  away  to  dry,  or  may  be  laid,  face  downward,  upon  a  pad 
of  blotting-paper  or  calico. 

The  mould  is  now  to  be  plumbagoed  with  a  very  soft  brush,  but, 
owing  to  the  yielding  nature  of  the  wax,  the  greatest  care  must  be 
taken  not  to  apply  the  brush  too  severely,  only  sufficient  friction  being 
used  to  coat  the  surface  uniformly.  It  is  a  good  plan  to  sprinkle  a 
little  plumbagt)  over  the  face  of  the  mould,  and  then  to  work  the 
brush  about  in  circles,  by  which  means  a  well  plumbagoed  surface 
may  readily  be  obtained.  This  operation  being  complet-e,  the  super- 
fluous plumbago  is  to  be  brushed  off,  and,  by  blowing  upon  the  face 
of  the  mould,  any  plumbago  remaining  in  the  crevices  may  be  re- 
moved. The  conducting  wire  is  to  be  attached,  as  in  the  case  of 
gutta-percha,  by  gently  tcarmiuff  the  end  of  the  wire ;  but,  if  the 
mould  be  a  tolerably  large  one  (say,  3  inches  in  diameter)  it  will  be 
well  to  bend  the  end  of  the  wire  so  as  to  leave  a  length  of  about  an 
inch  or  more  to  be  embedded  in  the  edge  of  the  mould,  by  which 
means  it  will  be  more  effectually  supported  than  if  the  point  of  the 
wire  only  were  attached.  The  joint  must  now  be  well  plumbagoed, 
and  the  excess  of  this  material  which  has  been  brushed  over  the 
edges  may  easily  be  removed  by  scraping  it  away  with  a  pen-knife. 
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The  same  precautions  munt  be  obAexred  with  regard  to  wax-moulds 
as  with  those  made  from  gutta-percha  when  immersing  them  in  the 
bath,  otherwise  they  will,  from  their  exceeding  lightness,  be  disposed 
to  rise  out  of  the  solution.  In  the  case  of  lai'ge  moulds  made  from 
such  light  materials  they  require  to  be  weighted  in  order  to  keep  them 
beneath  the  surface  of  the  copper  solution,  as  we  shall  explain  when 
treating  of  them. 

The  stearine  composition  may  be  employed  instead  of  wax  in  the 
preceding  operation,  but  we  recommend  the  student  to  adopt  the  latter 
material  for  copying  small  medallions,  since,  with  a  little  care,  it  will 
answer  every  purpose,  and  needs  no  preparation  beyond  melting  it. 

aconlds  from  Fiuilile  M«taL — There  are  many  ways  of  making 
moulds  from  fusible  metal,  but,  for  our  present  purpose,  we  will  select 
the  most  simple.  To  obtain  an  impression  of  a  coin  or  medal,  melt  a 
sufficient  quantity  of  the  alloy  in  a  small  ladle  or  iron  spoon,  then,  hold- 
ing the  coin  face  downward  between  the  forefinger  and  thumb  of  the 
right  hand,  pour  the  alloy  into  the  rim  of  an  inverted  cup  or  basin, 
and,  bringing  the  coin  within  a  distance  of  about  2  inches  from  the 
molten  alloy,  allow  it  to  fall  Jlat  upon  the  metal  and  there  leave  it 
until  cold.  If,  when  the  metal  is  poured  out,  there  is  an  appearance 
of  dulness  on  the  surface  (arising  from  oxidation  of  the  metals)  a 
piece  of  card  or  strip  of  stiff  paper  should  be  drawn  over  it,  which 
will  at  once  leave  the  surface  bright.  As  the  metal  soon  coola,  how- 
ever, this  may  be  more  conveniently  done  by  an  assistant  just  before 
the  coin  is  allowed  to  fall.  If  no  other  help  is  at  hand  a  piece  of 
card  should  be  placed  close  to  the  cup,  so  that  the  moment  the  metal 
is  poured  out  it  may  be  applied  as  suggested,  and  the  coin  promptly 
dropped  upon  the  cleaned  surface  of  the  alloy.  A  very  little  practice 
will  render  the  student  expert  in  obtaining  moulds  in  this  way,  and, 
considering  how  very  readily  the  material  is  re-melted,  a  few  failures 
need  not  trouble  him. 

The  fusible  alloy  may  also  be  employed  in  the  form  of  a  paste,  but, 
in  this  case,  it  is  advisable  to  have  the  assistance  of  another  pair  of 
hands,  since,  in  this  condition,  it  soon  becomes  solid  and  therefore  un- 
usable. The  coin  should  first  have  a  temporary  handle  attached  to 
it,  which  may  readily  be  done  by  rolling  a  small  lump  of  g^tta-percha 
into  the  form  of  a  ball ;  one  part  of  tliis  should  now  be  held  in  the 
flame  of  a  candle  until  the  part  fuses,  when  it  is  to  be  pressed  upon 
the  back  of  the  coin  and  allowed  to  remain  until  cold.  This  gutta- 
percha knob  will  serve  as  a  handle  by  which  the  coin  may  be  held 
w^hen  the  impression  is  about  to  be  taken.  The  requisite  quantity  of 
the  fusible  alloy  is  now  to  be  poured  upon  a  piece  of  board  and 
worked  up  into  a  stiff  paste  by  means  of  a  flat  piece  of  wood — an 
operation  that  only  occupios  a  few  moments.     The  instant  the  alloy 
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has  assumed  the  pasty  condition  the  coin,  being  held  by  its  gutta- 
percha handle,  is  to  be  promptly  and  firmly  pressed  upon  the  mass 
until  it  is  sufficiently  imbedded  in  it.  In  the  course  of  a  minute  or 
so  the  coin  may  be  withdrawn,  when  the  mould  should  present  a 
perfect  and  delicate  impression  of  the  original — of  course  in  reverse. 
Should  any  faults  be  visible,  owing  to  want  of  dexterity  on  the  part 
of  the  operator,  the  metal  must  be  re-melted  and  the  operation  con- 
ducted again.  A  very  little  practice  will  enable  the  student  to  pro- 
duce moulds  in  this  alloy  with  perfect  ease.  The  coin,  in  each  of  the 
above  cases,  should  be  perfectly  cold  before  appl3ring  it  to  the  alloy. 
Large  medals  are  moulded  by  simply  dropping  them — a  little  Hide- 
ways — ^into  the  metal  when  on  the  point  of  solidification. 

Conneciinff  the  Mould  to  the  Wire. — When  a  perfect  mould  is 
obtained  the  conducting  wire  in  to  be  attached,  which  is  done  by  first 
scraping  the  longer  end  of  the  wire  so  as  to  render  it  perfectly 
clean ;  it  is  then  to  be  held  in  the  flame  of  a  candle,  but  at  a  little 
distance  from  the  clean  end.  The  mould  being  now  held  in  the  left 
hand,  is  to  be  brought  near,  but  not  touching,  the  flame,  and,  when 
the  wire  is  sufficiently  hot,  it  is  to  be  pressed  against  the  back  of  the 
mould,  when  it  will  at  once  become  imbedded  in  it,  and  in  a  few 
moments  will  be  firmly  set.  A  small  portion  of  powdered  resin 
applied  to  the  spot  will  assist  the  union  of  the  two  metals.  The  back 
and  upper  edge  of  the  mould  must  now  be  coated  with  sealing-wax 
varnish  or  some  other  quick -drying  varnish,  or,  if  carefully  applied, 
paraffin  wax  (which  melts  at  a  very  low  heat]  may  be  applied  by  first 
gently  heating  the  mould  and  touching  it  ivith  a  small  stick  of  the 
paraffin  wax.  It  is  well,  also,  to  varnish  that  portion  of  the  conduct- 
ing wire  abore  the  joint  which  has  to  be  immersed  in  the  copper  bath, 
in  order  to  prevent  it  from  receiving  the  copper  deposit. 
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ELECTRO- DEPOSITION  OF  COPPER  (eonUnned). 

Elcctrotyping  by  Separate  Battfn\ — ^Arrangement  of  the  Battery. — Copying 
Plaster  Busts. — Guiding  Wires. — Moulding  in  Plaster  of  Paris. — Copj*- 
ing  Animal  Substances. — Electro-coppering  Flowers,  Insects,  t&c. — Copy- 
ing Vegetable  Substances. — Depositing  Copper  upon  Glass,  Porcelain, 
&c. — Coppering  Cloth. 

glecUrviyping  by  Separate  Battery. — In  employing  the  single- 
cell  apparatus,  we  have  seen  that  it  is  necessary  to  keep  up  the 
strength  of  the  solution  by  a  constant  supply  of  crystals  of  sulphate  of 
copper,  otherwise  the  solution  would  soon  become  exhausted  of  its 
mctalf  and  therefore  useless.  If  we  employ  a  separate  battery y  however, 
this  method  of  sustaining  the  normal  condition  of  the  bath  is  unneces- 
sary, as  we  will  now  endeavour  to  show ;  but  in  doing  so  we  must 
directt  the  reader's  attention  for  the  moment  to  the  principles  of 
electrolysis,  explained  in  a  former  chapter.  The  practical  application 
of  those  principles  may  be  readily  expressed  in  a  few  words  :  If,  in- 
stead of  making  the  mould,  or  object  to  be  copied,  the  tiegalivc  elemetitj 
as  in  the  single-cell  apparatus,  we  take  a  separate  battery  composed  of 
two  elements — say,  zinc  and  copper,  as  in  Daniell's  batt4»ry,  we  must 
then  employ  a  separate  copper  solution  or  electrolytic  bath,  in  which 
case  the  object  to  be  deposited  upon  must  be  connccttKl  to  the  zinc 
element,  as  before,  but  the  wire  attached  to  the  negative  element  of 
the  battery  (the  free  end  of  which  is  the  positive  eleetrodr)  must  have 
attached  to  it  a  plate  of  sheet  copper,  which  with  the  mould  must  be 
immersed  in  the  solution  of  sulphate  of  copper.  By  this  arrangement, 
while  the  copper  is  being  deposited  upon  the  mould,  the  ^eet  copper 
becomes  dissolved  by  the  sulphuric  acid  set  free,  forming  sulphate  of 
copper,  which  continued  action  re-supplies  the  bath  with  metal  in  the 
proportion  (all  things  being  equal)  in  which  it  is  exhausted  by  dcjrasi- 
tion  of  copper  upon  the  mould. 

Anranffeme&t  of  the  Battery.— At  Fig.  50  is  shown  a  DanielFs 
battery,  a,  connected,  by  its  negative  cunduoting  wire  (proctH^ding 
from  the  zinc),  to  tlie  mould,  b,  with  its  face  turned  towards  the 
copper  plate  or  anode,  c.     The  depositing  vessel,  n,  which  may  be  of 
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glass  or  stoneware,  for  small  operations,  is  charged  with  an  acid  solu- 
tion of  sid^>hate  of  copper,  which  is  composed  as  follows : — 

Sulphate  of  Copper i  lb. 

Sulpharic  Acid i  „ 

Water  (about) i  gallon. 

The  sulphate  of  copper,  as  before,  is  dissolved  in  a  sufficient  quantity 
of  hot  water,  after  which  cold  water  is 
added  to  make  up  one  gallon  ;  the  sul- 
phuric acid  is  then  added  and  the  so- 
lution is  set  aside  until  quite  cold, 
when  it  is  to  be  poured  into  the 
depositing  bath,  which  should  be  quite 
clean.  When  first  placing  the  mould 
to  be  copied  in  the  bath,  a  small 
siuiace  only  of  the  copper  plate  should 
be  immersed  in  the  solution,  and  this 
may  be  gradually  iucreased  (by  lowering  the  copper  plate)  as  the 
deposit  extends  over  the  surface  of  tho  mould. 

In  Fig.  54  is  shown  an  arrangement  in  which  several  moulds  are 
suspended  by  a  brass  rod  laid  across  the  bath  b,  the  i*od  being  con- 
nected to  the  zinc  element  of  the  battery,  a,  by  the  wire,  x.  Strips  of 
sheet  copper  are  suspended  by  a  brass  rod,  r,  which  is  connected  by  a 
binding-screw  to  the  positive  conducting  wire,  c,  of  the  battery,  which 


Fig.  56. 


in  the  woodcut  represents  a  Danicll  coll.  In  this  arrangement,  the 
sheet  copper,  by  becoming  dissolved  in  the  solution  during  the  electro- 
lytic action,  keeps  up  the  normal  strength  of  the  bath,  which  in 
the  single-cell  arrangement  is  attained  by  the  supply  of  crystals  of 
sulphate  of  copper.  It  may  bo  well  to  mention  that  it  is  always 
preferable,  besides  being  more  economical  of  time,  to  deposit  upon 
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Hcvcral  muuldH  at  a  time  in  the  bath,  and  thiH  can  be  effected  even  with 
:ipparatu8  of  small  dimensionB.  The  more  extensive  arrangements  for 
ilei)()«iting  upon  large  obje<;t8  by  means  of  powerful  battery  currents 
will  be  considered  in  another  chapter. 

Copirins  Flaster  Busts.— For  this  purpose,  the  elastic  moulding 
m  it°rial  is  us^^d.  Suppose  we  desire  to  obtain  an  electrotyjHJ  fnjm  a 
small  plaster  bust,  the  object  must  first  be  well  brushed  over  with 
boiled  linsood  oil,  and  then  set  aside  for  two  or  three  days  to  allow  ♦he 
t'.urfuce  t')  harden.  In  applying  the  oil,  cfire  should  be  taken  not  to 
allow  it  til  touch  the  lower  surface  surrounding  the  orifice  at  its  base, 
over  which  a  pi  ere  of  stout  paper  must  be  pasted  to  prevent  the 
elastic  material  from  ciiiLriiig  the  cavity,  but  before  doing  this  partly 
fill  the  cavity  with  sand,  to  increase  its  weight.  The  bust  is  next  to  be 
suspended,  upside  down,  by  means  of  twine  or  thin  copper  wire, 
inside  a  jar  sufficiently  wide  and  deep  to  leave  at  least  half  an  inch  all 
round  and  at  the  bottom.  When  thus  placed  in  its  proper  position, 
the  elastic  composition  (p.  105),  having  been  previously  melted,  is 
poured  in,  and  if  any  air-bubbles  appear,  thsse  must  be  removed  with 
the  feather  of  a  quill,  when  the  vessel  is  allowed  to  rest  until  the 
composition  is  quite  cold. 

The  vessel  is  now  to  be  inverted,  when  the  solidified  mass  and  the 
Imbedded  bust  will  gradually  slip  out.  To  facilitiite  this  by  prevent- 
ing the  composition  from  sticking  to  the  jar,  it  is  a  good  plan  to 
slightly  oil  the  interior  of  tlie  vessel  in  the  first  instance.  Having 
removed  the  moidd,  it  must  now  be  separatt^l  from  the  plasttT  bust. 
This  is  done  as  follows  :—  First  place  the  mould  in  an  eriHt  )x>8ition, 
base  downward,  then,  witli  a  thin  knife,  make  an  incision  from  the 
top  to  the  base  of  the  mould,  at  the  back  of  the  bust.  The  mould  may 
now  be  readily  opened  where  the  incision  has  In'cn  nuido,  and  while 
being  held  open,  an  assistant  should  be  at  hand  to  gently  remove  the 
bust,  when  the  mould,  owing  to  its  plasticity,  will  readily  close  itself 
again.  It  must  next  be  secured  in  its  proper  position  by  l)eing  care- 
fully bound  round  with  a  bandage  of  tape.  The  mould  is  then  to  be 
inverted,  and  returned  to  the  jar.  A  sufficient  quantity  of  wax  ie 
now  to  be  melted  at  the  lowest  temperature  that  will  liquefy  it,  other- 
wise it  will  injure  the  mould  ;  it  is  then  to  be  poured  into  the  mould 
and  allowed  to  rest  until  thoroughly  cold.  A\Tien  cold,  the  elastic 
mould  is  to  be  again  removed  from  the  jar,  and  Kcpanited  by  untyinjf 
the  bandages  from  the  wax-C4isting.  This  latter  must  now  hv  well 
plumbagoed,  a  conducting  wire  uttached,  and  the  joint  coated  with 
plumbago  as  before  dirc»<ted.  Since  it  will  be  difficult,  howt»vcr,  tn 
obt^iin  an  uniform  deiK>sit  over  such  u  conipairatively  lar^rc  surf  arc,  it 
will  Ih)  ne<;es.sark'  to  apply  t/nidiuf/  wires,  as  they  are  c^ilieil,  and 
to  which  we  must  now  direct  special  attention. 


OOPTINO  PLABTEK  BUSTS.  IZl 

Gaidiny  iriri-'. — The  applicatiun  of  additional  wireti.  to  fiicilitste 
the  depositiou  of  copper  in  the  cavities,  or  undemut  nurfacen.  of 
idouMh  van  first  introduecd  by  Dr.  Leeiwii.  A  suMtient  number  of 
lengthx  of  fine  brasB  wire  nre  twiiitcd  firmly  ntunil  the  main  conduct- 
ing wire,  at  a  nliort  diatance  from  ita  junction  witli  tiie  mould, 
and  thene.  one  by  one.  are  bent  in  such  a  way  that  tlieir  extreme 
point*  may  rent,  HiiIiI/i/,  upon  the  hollow  Burfacefl  of  the  mould, 
whereby  tie  current  is  diverted,  t«  a  certain  eiteut,  from  the  main 
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wire  to  tbe  cavitim  or  hoUowH,  whic^h  arc  lemt  favourably  uituat^  tor 
rccei^'ing'  Ihe  metallic  deposit  than  the  plane  Hurfaien.  The  applica- 
tion of  guiding'  wires  is  more  eBjieeially  necoswiry  when  the  object  to 
be  copied  is  of  considerable  dimensions  ;  the  principle  of  their 
orrangetnont  is  shown  in  Fig.  5S. 
The  mould,  prepared  as  doKiibed,  is  to  be  put  in  connectioa  with 
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the  battery,  by  suspending  it  from  tlie  negatiye  conducting-tod,  and 
then  gently  lowered  into  the  coppering  bath.  In  the  present  case  only  a 
moderately  stout  deposit,  or  *  *  shell,  *  *  of  copper  will  be  necessary,  since, 
as  we  shall  explain,  this  dex)06it  will,  in  the  next  operation,  act  the 
part  of  a  mouldy  in  producing  a  fac-simile  of  the  original.  When 
a  perfect  coating  is  obtained,  of  sufficient  thickness  to  bear  handling, 
it  ifl  to  be  removed  from  the  bath,  rinsed,  and  allowed  to  drain.  It 
must  then  be  heated  sufficiently  to  melt  the  wax,  which  is  allowed  to 
run  into  any  convenient  receptacle,  and  the  interior  of  the  electrotype 
(which  now  represents  a  mould)  must  be  cleansed  from  all  adhering 
wax,  by  continuing  the  heat  until  the  last  drop  ceases  to  flow.  It  must 
then  be  treated  with  spirit  of  turpentine,  with  the  application  of 
moderate  heat,  to  dissolve  out  the  remaining  wax,  the  operation  being 
repeated  so  as  to  entirely  remove  all  traces  of  the  wax. 

The  next  operation  consists  in  depositing  copper  upon  the  interior  oi 
the  copper  mould,  which  may  be  readily  done  in  the  following  way : — A 
small  quantity  of  sweet  oil  is  first  to  be  poured  into  the  mould,  which 
must  be  moved  about  so  that  the  oil  may  spread  all  over  the  sur- 
face ;  it  must  then  be  tilted  over  a  vessel  to  allow  the  oil  to  run  out, 
and  next  placed  upon  several  folds  of  blotting-paper  before  a  fire,  for 
several  hours,  until  the  oil  ceases  to  flow.  The  mould  must  now  be 
carefully  examined,  and  if  any  '^pin-holes,"  as  they  are  called,  are 
visible,  thene  must  be  stopped  by  melted  wax  dropped  upon  each  spot 
upon  the  outside  of  the  mould. 

The  mould  is  now  to  be  placed  in  a  jar,  in  an  inverted  position,  and 
held  in  its  place  by  a  padding  of  paper  or  rag,  wedged  around 
its  base.  The  negative  electrode  (or  wire  connected  to  the  zinc  of  the 
biittery)  is  now  to  bo  connected  to  the  mould,  which  may  conveniently 
be  done  by  soldering.  A  strip  of  stout  sheet  copper,  attached  to  the 
iiohitivc  electrode,  is  then  to  be  suspended  in  the  cavity  of  the  copper 
mould,  but  not  allowed  to  touch  any  part  of  it,  and  in  this  position  it 
must  be  fixed  securely,  which  may  be  conveniently  done  by  a  piece  of 
wood  laid  across  the  orifice  of  the  mould.  The  mould  is  now  to  be 
filled  with  the  copper  solution  last  mentioned,  and  the  battery  is  then 
to  be  set  in  action.  In  order  to  obtain  a  good  solid  electrotype  from 
the  copper  mould,  it  will  be  necessary  to  renew  the  copper  plate,  or 
anode,  from  time  to  time  when  it  becomes  worn  away,  unless  it  be  of 
pufficient  thickness  to  render  such  renewal  unnecessary.  The  strength 
of  the  battery  must  also  be  well  kept  up  by  renewing  the  acid  solution 
in  the  porous  cell.  When  a  deposit  of  sufficient  thickness  ix  obtained, 
the  conducting  wires  may  be  diwonnetjted,  the  copper  solution  poured 
out,  and  the  interior  rinsed  with  water. 

The  next  operaticm  is  to  remove  the  shell  of  copper  constituting  the 
mould,  which  \b  done  by  breakittg  it  away — beginning  at  the  base — 
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with  a  pair  of  pliers.  When  the  first  layer  of  metal  hoH  been  lifted 
from  the  underlying  deposit,  the  remainder  may  generally  be  peeled 
off  with  but  little  trouble,  when  the  electrot}i)e  proper  will  be 
exhibited,  and  if  successfully  accomplished  it  will  amply  reward  the 
operator  for  the  trouble  and  care  devoted  to  its  production.  The 
student  should  not,  howev^,  undertake  the  manipulation  of  the 
elastic  moulding  composition  until  he  has  acquired  a  skilful  aptness  in 
the  simpler  processes  of  electrotyping.  It  may  be  well  to  mention 
that  the  elastic  composition  may  be  re-used  several  times,  provided  it 
has  been  kept  in  a  covered  vessel,  to  exclude  it  from  the  action  of 
either  a  moist  or  a  very  dry  atmosphere. 

Mcmldlng  in  Flastar  of  Favts. — ^This  material,   especially  fur 
copying  natural  objects,  such  as  leaves,  ferns,  fishes,  &c.,  is  exceed- 
ingly useful,  and  we  will,  as  in  former  instances,  first  give  the  more 
simple  method  of  applying  it,  so  that  the  student  may  have  no  diffi- 
culty in  its  manipulation.     To  obtain  a  plaster  mould  from  a  coin  or 
medal,  for  example,  first  oil  the  face  of  the  object  slightly  by  applying 
a  single  drop  of  oil,  with  a  tuft  of  cotton  wool,  and  with  a  fresh  piece 
of  wool  gently  rub  the  coin  all  over,  so  as  to  leave  but  a  trace  of  oil  on 
the  surface,  the  most  trifling  quantity  being  sufficient  to  prevent  the 
adhesion  of  the  plaster  to  the  original.    A  rim  of  card  is  now  to  be 
fixed  roimd  the  medal,  to  form  a  receptacle  for  the  plaster.    A  little 
cold  water  is  then  to  be  poured  in  a  cup,  or  other  convenient  vessel, 
and  a  small  portion  oijine  plaster  dropped  into  the  water.    The  excess 
of  water  is  now  to  be  poured  off  and  the  plaster  briskly  stirred  with  a 
spoon.  Now  fill  the  spoon  with  the  plaster  (which  should  be  about  the 
consistency  of  cream)  and  pour  it  carefully  over  the  face  of  the  medal. 
If  any  air-bubbles  appear,  disperse  them  with  a  feather  or  camel-hair 
brush,  which  should  be  immediately  after  plimged  into  cold  water,  ho 
that  the  plaster  may  easily  be  removed,  and  the  brush  thus  left  ready 
for  future  use.     In  about  half -an -hour  or  so,  the  coin  and  mould  may 
be  detached,  and  the  latter  should  then  be  placed  in  a  moderately 
warm  oven  until  dry.    When  perfectly  dry,  the  face  of  the  mould  is 
to  be  well  painted  over  with  boiled  linseed  oil,  repeating  the  operation 
several  times ;  or  the  mould  may  be  saturated  with  wax,  by  pouring  a 
little  of  this  substance,  in  a  melted  state,  over  the  face  of  the  mould, 
and  then  placing  it  in  the  oven  until  the  wax  becomes  absorbed  by  the 
plaster.    When  cold,  the  mould  must  be  plumbagoed  in  the  ordinary 
way,  and  a  copper  conducting  wire  attached  by  twisting  the  wire 
roimd  its  circumference,  and  forming  a  connection  with  the  plumba- 
goed surface  by  means  of  a  drop  of  melted  wax,  afterwards  brushed 
over  with  plumbago.     That  portion  of  the  wire  which  surroundn  the 
mould  should  be  coated  with  vaniLsh  to  prevent  tlic  copper  from  being 
deposited  upon  it.    The  superfluous  plumbago  should,  as  in  the 
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former  caiies,  be  removed,  by  scraping  it  away  with  a  knife,  leaving 
the  connection,  of  course,  untouched.  The  mould  is  now  ready  for 
the  depositing  bath,  into  which  it  must  be  gently  lowered,  so  as  to 
avoid  breaking  the  connection  between  the  conducting  wire  and  the 
plumbagoed  surface,  a  precaution  which  must  in  all  similar  cases  be 
strictly  observed. 

GepyUie  Ammal  SntMrtane^s.— Suppose  we  desire  to  obtain  an 
electrotype  of  a  small  fish  (the  scaly  roach  being  very  suitable),  for 
example.  The  object  is  first  brushed  over  lightly  with  a  little  linseed  oil ;  ^ 
we  next  mix  a  sufficient  quantity  of  plaster  of  Paris  into  a  thinnish 
paste,  and  pour  this  in  a  shallow  rim  of  metal  or  stout  cardboard  placed 
upon  a  piece  of  glass  or  sheet  of  paper,  previously  rubbed  over  with  a 
little  oil  or  grease  ;  before  the  plaster  has  time  to  aet^  the  fish  is  to  be 
held  by  its  head  and  tail,  and  laid  on  its  side  upon  the  paste,  using 
sufficient  pressure  to  imbed  one  half  of  the  fish.  To  assist  thisy  the 
soft  plaster  may  be  worked  up  or  guided  to  its  proper  places  by 
means  of  a  knife-blade,  care  being  taken  to  avoid  spreading  the  plaster 
beyond  that  part  which  is  to  form  the  Jirst  half  of  the  mould.  The 
plaster  is  now  allowed  to  set  hard,  which  occupies  about  half  an  hour. 
We  next  proceed  to  mould  the  second  half  of  the  fish.  A  small  brush, 
say  a  painter's  sash  tool,  is  dipped  in  warm  water,  and  then  well 
rubbed  over  a  lump  of  soap  ;  this  is  to  be  brushed  all  over  the  plaster, 
but  avoiding  the  fish,  and  the  soap  and  water  applied  several  times  to 
ensure  a  perfect  coating.  A  rim  of  greater  depth,  say  f  of  an  inch 
deeper,  must  be  fixed  round  the  mould,  in  place  of  the  former 
rim,  and  a  second  quantity  of  plaster  made  into  a  thinnish  paste,  as 
before,  which  must  then  be  carefully  poured  over  the  fish  and  upper 
surface  of  the  mould,  taking  care  not  to  let  it  flow  over  the  rim.  lliis 
second  batch  of  plaster  should  be  sufficient  to  form  a  thick  half  mould, 
as  in  the  former  case,  otherwise  it  may  break  when  being  separated 
from  the  first  half  mould. 

When  the  plaster  has  set  quite  hard,  the  two  moulds  may  be  sepa- 
rated by  gently  forcing  them  asunder,  the  soap  and  water  having 
the  effect  of  preventing  the  two  plaster  surfaces  from  adhering,  while 
the  oil  applied  to  the  fish  also  prevents  the  moulding  material  from 
sticking  to  it.  When  the  two  halves  of  the  mould  are  separated,  the 
fish  is  to  be  carefully  removed,  and  the  plaster  moulds  placed  in  a 
warm,  but  not  very  hot,  oven,  and  allowed  to  become  perfrcilt/  dry. 
They  are  then  to  be  placed  faced  downwards  in  a  plate  or  other  shallow 
vessel,  containing  melted  bees-wax,  and  allowed  to  remain  until 
saturated  with  the  material,  especially  on  the  faces  of  the  moulds ; 
these  are  now  allowed  to  become  quite  cold,  when  they  are  ixai^y  to 
receive  a  coating  of  plumbago,  which  must  be  well  brushed  into  every 
part  of  the  impression,  until  the  entire  surfaces  present  the  bright 
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metallic  lustre  of  a  well -polished  iire-stove.  The  conducting  wire 
must  now  be  attached^  which  ntay  be  effected  in  UiiH  way  :  Bend  a 
piece  of  stout  copper  wire  in  the  form  shown  in  Fig.  59,  and  pass  the 
mould  tmder  the  hook  at  r/,  and  beneath  the  coil  of  the  wire  at  b  ;  the 
shorter  end  of  wire  at  a  should  just  touch  the  edge  of  the  im- 
pression, near  the  mouth  or  tail  of  the  fish.  The  wire  thus  adjusted 
must  be  secured  firmly  in  its  place,  by  being  bound  to  the  mould  with 
thin  copper  wire.  Before  placing  the  conducting  wire  in  its  position, 
as  above  described,  it  wiH  be  advisable  to  wipe  away  all  superfluous 
plumbago  from  the  face  of  the  mould,  carefully  avoiding  injury  to  the 
impression,  and  when  the  conducting  wire  is  adjusted,  it  is  a  good 
plan  to  coat  the  wire  at  all  parts  but  the  extreme  point  at  a  with 
varnish,  or  melted  parafi&n  wax,  to  prevent  tlie  copper  from 
becoming  deposited  upon  it.  The  end  of  the  wire  at  n 
must  be  put  in  metal! ic  contact,  so  to  speak,  with  the  plum- 
bagoed  impression,  by  brushing  a  little  of  that  substance 
over  the  point  of  junction.  Thus  prepared,  the  long  end  of 
the  conducting  wire  is  to  be  connected  to  the  negative  pole  of 
the  battery,  and  the  mould  gently  immersed  in  the  batli,  the 
copper  anode  previously  being  suspended  from  the  positive 
electrode. 

The  second  half  mould  may  now  be  treated  in  same  way 
as  the  above,  and  when  two  perfect  electrotyx>es,  or  ahellsy 
are  obtained,  the  superfluous  copper  should  be  removed  by 
aid  of  a  pair  of  pliers  and  a  file ;  when  this  is  done  the 
inner  edges  of  each  electrotype  may  be  Untied,  by  first 
brudhing  a  little  chloride  of  zinc  round  the  edge,  and  then 
passing  a  soldering  iron,  charged  with  pewter  solder,  over 
the  surface.  When  the  two  halves  of  the  fish  are  thus 
prepared,  they  may  be  brought  together  and  held  in  posi- 
tion by  means  of  thin  iron  **  binding  wire."  The  flame  of 
a  spirit-lamp  or  ^  blow-pii)e  flame  may  now  be  applied, 
which,  by  melting  the  solder,  will  soon  complete  the  union,  when  a 
perfect  representation  of  a  fish  will  be  obtained.  This  may  after- 
wards be  bronzed,  gilt,  or  silvered  by  the  processes  described  here- 
after, and,  if  desired,  mounted  upon  a  suitable  stand. 

The  elastic  moulding  material  may  also  be  used  for  copying  animal 
substances;  in  this  case,  one  half  of  the  fish  must  be  imbedded  in 
moulding  sand  ;  a  cylinder  of  thin  sheet  tin,  bound  together  with  fine 
copper  wire,  or  by  soldering,  is  then  placed  round  the.  sand,  so  as 
to  enclose  it,  and  the  sand  is  made  as  level  as  possible,  by  gently 
pressing  it  with  any  convenient  instrument.  The  melted  elastic 
material  is  now  to  Tje  poured  into  the  cylinder,  which  should  be  about 
two  inches  higher  than  the  highest  part  of  the  object,  until  it  nearly 
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reaches  the  top ;  it  is  tlien  allowed  to  rent "  for  at  least  twelve  hours* 
when  the  metal  rim  ia  to  bo  removed  and  the  mould  withd^aw^l  ;  the 
obje:t  is  next  to  Ik?  liberated  from  the  mould,  and  the  other  half 
moulded  in  the  same  way.  The  wax  and  stearine  composition  is 
to  be  poured  into  each  half  mould,  and  from  the  models  thus  ob- 
tained plaster  moulds  may  be  procured  in  the  same  way  as  from  the 
natural  object,  but  in  this  case  the  wax  models  must  be  well  brushed 
over  with  plumbago  before  being  embedded  in  the  plaster.  Since 
electrotypes  of  fishes  look  exceedingly  well  as  wall  ornaments,  it  will 
be  only  necessary,  for  this  purpose,  to  obtain  an  electrotype  of  one 
half  of  the  fish,  which  may,  after  trimming  and  bronzing,  be  cemented 
to  an  oval  board,  stained  black  and  polished,  and,  if  desired,  mounted 
in  a  suitable  frame. 

Bleetro-Copperlns   Flowars,    Xnseets,  Ac — Fragile  objects,  to 
which  the  ordinary  methods  of  plumbagoing  could  not  be  applied, 
may  be  prepared  to  receive  a  deposit  of  copper  in  the  sul- 
phate bath  by  either  of  the  following  methods  : — 

I .  The  object,  say  a  rose-bud  or  a  beetle,  for  instance, 
is  first  attached  to  a  copper  wire ;  it  is  next  dipped  in  a 
weak  solution  of  nitrate  of  silver  (about  forty  grains  of  the 
nitrate  dissolved  in  one  ounce  of  distilled  water),  and  after 
being  allowed  to  drain,  but  before  it  is  dry,  it  is  to  be  ex- 
posed to  the  vapour  of  phosphorus  under  a  bell-glass.  To 
produce  the  vapour  a  small  piece  of  phosphorus  is  dissolved 
in  a  little  alcohol ;  this  is  poured  into  a  watch-glass  (chemi- 
cal **  watch-glasses  **  are  readily  procurable),  which  is  then 
placed  in  a  plate  containing  hot  sdnd.  The  object  being 
O  fixed  by  its  wire  in  such  a  position  that  it  cannot  shift,  the 

Fig.  60.  bell-glass  (an  ordinary  fern-glass  will  answer  admirably) 
is  to  be  placed  over  the  whole,  and  allowed  to  remain  undis- 
turbed for  about  half  an  hour.  The  sand  should  not  be  hot  enough 
to  endanger  the  bell-glass.  By  this  process,  the  silver  of  the  nitrate 
is  reduced  to  its  metallic  state,  causing  the  object  to  become  a 
conductor  of  electricity ;  it  is  then  ready  for  the  coppering  bath, 
in  which  it  must  be  immersed  with  great  care.  Since  very  light 
objects  will  not  sink  in  the  solution  bath,  it  is  a  good  plan  to  form  a 
loop  in  the  conducting  wire,  as  shown  in  Fig.  60,  to  which  a  piece  of 
strong  sUk  thread  or  twine,  having  a  small  leaden  weight  connected  to 
the  opposite  end,  may  be  fastened,  as  in  the  sketch.  By  this  simple 
contrivance  light  objects  sxtdi  floating  monM»^  as  those  made  of  gutta- 
percha, wax,  &c.,  may  be  easily  sunk  into  the  bath,  and  retained 
therein  until  sufficiently  coated. 

2.  The  most  cflPcctive  application  of  phosphorus  for  the  above  pur- 
pose consists  in  dipping  the  object  in  a  solution  of  phosphorus  in 
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bisulphide  of  carbon.  This  highly  volatile  and  inflammable  subatance 
dlHHolves  phosphorus  very  freely;  the  solution,  known  as  "Greek 
fire,"  is  a  most  dangerous  compound  to  handle,  and  if  any  of  it 
drop  upon  the  skin  it  may  produce  sores  of  a  serious  nature  ;  more- 
over, if  it  be  incautiously  allowed  to  drop  upon  the  clothing,  or  upon 
the  floor,  it  may  afterwards  ignite  and  do  much  mischief.  In  employ- 
ing the  solution  of  phosphorus,  therefore,  the  greatest  possible  care 
must  be  observed.  The  object,  being  attached  to  a  wire,  is  dipped  into 
the  solution,  and  after  being  allowed  to  rest  for  a  few  seconds,  is  next 
immersed  in  a  weak  solution  of  nitrate  of  silver,  and  afterwards  allowed 
to  dry  in  the  light.  If  the  object,  after  being  dipped  in  the  phosphorus 
solution,  be  allowed  to  remain  in  the  air  for  more  than  a  few  seconds 
before  being  placed  in  the  nitrate  solution,  it  is  very  liable  to  become 
ignited.  The  solution  of  phosphorus  is  prepared  by  dissolving  a  small 
portion  of  the  substance  in  bisulphide  of  carbon,  about  one  part  of 
phoNphoms  by  weight  being  sufficient  for  the  purpi>8e  in  20  of 
bisulphide  of  carbon. 

3.  A  safer  method  of  producing  a  conducting  surface  on  tliese  objects 
is  to  employ  an  alcoholic  solution  of  nitrate  of  silver,  made  by  adding 
an  excess  of  powdered  nitrate  of  silver  to  alcohol,  and  heating  the 
mixture  over  a  hot- water  bath.  The  object  is  to  be  dipped  in  the 
warm  solution  for  an  instant,  and  then  exposed  to  the  air  for  a  short 
time  until  the  spirit  has  evaporated.  If  now  submitted  to  the  fumes 
of  phosphorus,  as  before  described,  the  fllm  of  nitrate  of  silver  soon 
becomes  reduced  to  the  metallic  state,  when  the  object  is  ready  for  the 
coppering  bath. 

To  render   non -metallic    substances    conductive,    Mr.   Alexander 
Parkes  introduced  the  subjoined  ingenious  processes. 
I.  A  mixture  is  made  from  the  following  ingredients  : — 

Wax  or  tallow i  ounce 

India-rubber .1  drachm 

Asphalte x  ounce 

Spirit  of  turpentine xi  fl  ounce 

The  india-rubber  and  asphalte  are  to  be  dissolved  in  the  turpentine, 
the  wax  is  then  to  be  melted,  and  the  former  added  to  it  and  in- 
corporated by  stirring.  To  this  is  added  one  ounce  of  a  solution  of 
phosphorus  in  bisulphide  of  carbon,  in  the  proportion  of  one  part  of 
the  former  to  fifteen  parts  of  the  latter.  The  articles,  being  attached  to 
a  wire,  are  dipped  in  this  mixture  ;  they  are  next  dipped  in  a  weak  solu- 
tion of  nitrate  of  silver,  and  when  the  black  appearance  of  the  silver  is 
fully  developed,  the  article  is  washed  in  water ;  it  is  afterwards  dipped 
in  a  weak  solution  of  chloride  of  gold,  and  again  washed.  Being  now 
poated  with  a  film  of  gold,  it  is  ready  for  inmiersion  in  the  copper  bath. 
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2.  In  this  process,  the  solution  of  phosphorus  is  introduced  into  tho 
materials  used  for  making  the  mould,  thus  :— 

Wax  and  deer's  fat,  of  each     ....       J  pound 

Melt  together  and  then  add  : — 

Phosphorus  .        .        .        .        .10  grains 

Dissolved  in  bisulpliide  of  carbon   .        .        .  150      „ 

The  wax  mixture  must  be  allowed  to  become  nearly  cool,  when  the 
phosphorus  solution  is  to  be  added  very  carefully,  through  a  tube 
dipping  under  the  surface  of  the  mixture  ;  the  whole  are  then  to  be 
well  incorporated  by  stirring.  Moulds  prepared  from  this  comp)sition 
are  rendered  conductive  by  being  first  dipped  in  a  solution  of  nitrate 
of  silver,  then  rinsed,  and  afterwards  dipped  in  a  weak  solution  of 
chloride  of  gold,  and  again  washed,  when  they  are  ready  for  the 
coppering  solution. 

CopyinuT  Vegetable  flnbataneas. — The  leaves  of  plants,  seaweeds, 
ferns,  iS:c.,  may  be  reproduced  in  electrotype,  and  form  very  pleasing 
objects  of  ornament  when  successfully  produced.  If  we  wish  to 
copy  a  vine-leaf,  for  example,  the  leaf  should  be  laid  face  down- 
wards upon  a  level  surfac*e,  and  its  back  then  covered  with  several 
layers  of  thin  plaster  of  Paris  until  a  tolerably  stout  coating  is  given  ; 
the  leaf  is  then  to  be  inverted  and  embedded  in  a  paste  of  plaster, 
care  being  taken  not  to  allow  the  material  to  spread  over  the  face  of 
the  leaf.  When  the  plaster  has  become  hard,  finely  powdered  plum- 
bago is  to  be  dust-ed  over  the  entire  surface  from  a  muslin  bag.  A 
rim  of  pasteboard,  slightly  greased  on  one  side,  is  now  to  be  fixed 
round  the  outer  edge  of  the  plaster,  and  secured  by  a  piece  of  twino. 
To  render  this  more  easy,  the  plaster  may  be  pared  away  with  a  knife, 
80  as  to  leave  a  broad  flat  edge  for  the  card  rim  to  rest  against. 
Melted  wax  is  now  to  be  poured  into  the  pasteboard  cylinder  thus 
formed,  in  sufiicient  quantity  to  make  a  tolerably  stout  mould.  "VVTien 
thoroughly  cold,  the  rim  is  to  be  removed  and  the  mould  liberated 
carefully.  It  is  then  to  be  plumbagoed,  connected  to  the  negative 
electrode  of  the  battery,  and  immersed  in  the  copper  bath.  The 
clastic  material  may  also  be  employed  in  making  moulds  from  vege- 
table objects. 

D«poBitiiiff  Copp«r  upon  Olaas,  Foreelaln,  ftc — The  article 
should  first  be  brushed  over  with  a  tough  ramish,  such  as  copal,  or 
with  a  solution  of  gutta-percha  in  benzol ;  when  dry  it  is  to  be 
well  plumbagoed.  In  some  cases  it  may  be  necessary  to  render  the 
surface  of  the  glass  rough,  which  is  effected  by  submitting  it  to  the 
fumes  of  hydrofluoric  acid ;  this  is  only  necessary,  however,  when  the 
vessel  is  of  such  a  form  that  the  deposited  copper  might  slip  away 
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from  the  glass.  Poroelain  capsules,  or  evaporating  dishes,  may  receive 
a  ooating  of  copper  at  the  ontside,  bj  varnishing  this  surface,  extend- 
ing the  coating  to  the  upper  rim  of  the  vessel,  then  applying  the 
plumbago  and  depositing  a  coating  of  copper  of  sufficient  thickness. 
Another  and  more  effectual  way  of  obtaining  an  adhesive  deposit 
upon  glass  or  porcelain  is  to  send  the  article  to  a  glass  or  poroelain 
gilder,  and  have  gold  burnt  into  its  surface,  and  then  depositing  upon 
the  gold  coating  in  the  usual  manner.  MM.  Noualhier  and  Prevost 
patented  a  process  for  producing  a  conducting  surface  upon  glass  or 
vitreous  substances,  which  consists  in  first  coating  the  object  with  var- 
nish or  g^ld  size,  and  then  covering  it  with  leaf  copper.  By  another 
method  they  triturated  bronze  powder  with  mercury  and  common  salt, 
and  then  dissolved  out  the  salt  with  hot  water,  leaving  the  bronze 
powder  to  settle.  When  dry,  this  powder  is  to  be  applied  to  tlie 
varnished  object  in  the  same  way  as  plumbago.  For  this  purpose, 
however,  Bessemer  bronzes,  which  are  exquiRitdy  impalpable,  and 
produce  a  very  good  conducting  surface,  may  Im?  employed  with  or 
without  being  mixed  with  plumbago. 

Copp«iiiic;  Clotb. — In  1843,  Mr.  J.  Schottlaonder  obtained  a  patent 
for  depositing  either  plain  or  figured  copper  upon  felted  fabrics.  The 
cloth  is  passed  under  either  a  plain  or  engraved  copper  roller,  immersed 
horizontally  in  a  sulphate  of  copper  bath,  containing-  but  little  free 
acid.  The  dejwsit  takes  place  upon  the  roller  as  it  slowly  revolves ; 
the  meshes  of  the  cloth  are  thus  fiUod  with  metal,  and  the  design  of 
the  roller  copied  upon  it.  The  coppered  cloth  is  slowly  rolled  ofl:'  and 
passes  through  a  second  vessel  filled  with  clean  water.  Tlic  roller 
is  previoualy  prepared  for  a  non-adhesive  deposit. 
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CHAPTER  VIL 

ELECTRO-DEPOSITION  OF  COPPER  {continued). 

Electrotyping  Printers'  Set-up  Type. — Plambajping  the  Forme. — Prepara- 
tion of  the  Mould. — Filling  the  Case.— Talcing  the  Impression. — The 
Cloth. — Removing  the  Forme. — Building. — Plumbagoing  the  Mould. — 
Knight's  Plumbagoing  Process. — Wiring. — Hoe's  Electric  Connection 
Gripper. — Metallising  the  Moulds.— Adams'  Process  of  Metallising 
Moulds. — Quicking. — The  Depositing  Bath. — Batteries. — Treatment  of 
the  Electrotype. — Finbhing. — Electroiypini;  Wood  Engravings,  &c, — 
Tin  Powder  for  Electrotypin^^ 

Of  aU  the  purposes  to  which  the  art  of  electrotyping  is  applied, 
none  is  of  greater  importance  than  its  application  to  letterpress  print- 
ing and  the  copying  of  wood  engravings  to  be  printed  from  instead  of 
from  the  wooden  blocks  themselves.  Although  this  latter  branch  of  the 
art  is  very  extensively  adopted  in  this  country,  in  the  reproduction  of 
large  and  small  engraved  blocks  for  illustrated  works  and  periodicals, 
newspaper  titles,  &c.,  the  application  of  electrotyping  as  a  substitute 
for  stereotyping  in  letterpress  printing  has  not,  as  yet,  attained  the 
dignity  of  an  art  in  England.  In  America,  however,  the  art  of  re- 
producing set-up  type  in  electrotype  copper  has  not  only  acquired  a 
high  state  of  development  as  a  thoroughly  practical  branch  of  electro - 
deposition,  but  it  has  almost  entirely  superseded  the  process  of  stereo- 
typing. There  are  several  reasons  why  this  art  has  boon  more  fully 
developed  in  tho  States  than  here.  In  tho  first  place  our  transatlantic 
kindred  are  more  prompt  in  recognising  and  adopting  real  improve- 
ments ;  they  are  less  mindful  of  cost  for  machinery  when  the  object  to 
be  attained  is  an  important  one ;  they  are  not  so  munh  under  tho 
influence  of  so-called  "  practical  men"  as  to  ignore  scientific  help  ; 
finally,  they  do  not  wait  until  all  their  competitors  have  adopted  a 
procass  before  they  run  the  risk  of  trying  it  for  themselves. 

During  the  pa.st  few  years  wo  have  been  much  impressed  by  the 
extreme  beauty  of  the  American  printing,  and  the  exquisite  brilliancy 
of  their  eng^ving^.  Being  printed  from  copper  surfaces,  the  ink 
delivers  more  freely  than  from  stereotype  metal,  while,  we  believe,  a 
smaller  amount  of  ink  is  required.  Again,  the  Americans  extensively 
employ  wood  pulp  in  the  manufacture  of  their  paper,  and  this  material 
being  less  abaorbant  than  cotton -pulp,  causes  the  ink  to  remain  on  the 
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mrfaee  rather  than  to  sink  into  the  substance  of  the  paper — a  fact 
which  was  established  by  the  author's  father,  the  Ute  Mr.  Charles 
Watt  (the  inventor  of  the  wood-paper  process),  when  it  was  first 
exhibited  in  London  in  the  year  1853,*  in  the  presence  of  the  present 
Earl  of  Derby  and  many  scientific  men  and  representatives  of  the 
prcsH. 

With  a  full  belief  that  the  American  system  of  clectrotyping,  as 
applied  to  letterpress  printing,  will  eventually  be  adopted  in  this 
country — at  first  by  the  more  enterprising  members  of  the  printing 
community — ^we  propose  to  explain  as  concisely  as  the  subject  will 
admit  the  method  which  has  been  practically  adopted  in*  the  United 
States,  and  we  have  to  thank  the  distinguished  firm  of  R.  Hoe  and 
Co.,  of  New  York,  the  well-known  manufacturers  of  printing  and 
clectrotyping  machinery,  for  much  of  the  information  we  desire  to 
convey,  as  also  for  their  courtesy  in  fumisliing  us,  at  our  request, 
with  electrotypes  of  their  machinery  for  the  purposes  of  illustration. 
We  are  also  indebted  to  Mr.  Wahl  t  for  additional  information  on 
this  subject. 

"As  applied  to  letterpress  printing,  electrotyping  is  strictly  an 
American  art."  This  is  the  claim  put  forward  by  the  firm  referred 
to,  and  we  freely  acknowledge  the  fact.  We  gave  our  cousins  the  art 
of  electrotyping,  and  in  exchange  they  show  us  how  we  may  apply  it 
to  one  of  the  most  useful  of  all  purposes — the  production  of  gx)od 
printing  from  a  more  durable  metal  than  either  ordinary  type  or 
stereotype  metal. 

Blectrotypins  Fttntem'  8et-iip  Tjrpo- — In  pursuing  the  art  of 
electrotyping,  as  applied  to  letterpress  printing,  the  compositor ,  electro- 
typer,  and  mounter  must  work  with  one  common  object,  each  having  a 
knowledge  of  what  the  other  requires  to  perform  his  part  of  the  work 
properly.  In  carrying  out  the  operation  on  an  extensive  scale,  the 
dex)ositing  room  should  be  on  the  ground  floor,  owing  to  the  weight 
of  the  vats,  and  the  flooring  should  be  cemented  and  well  drained. 
The  apartment  should  be  well  lighted,  and  provided  with  an  ample 
supply  of  water.  The  depositing  vats  may  be  of  wood,  lined  with 
pitch ;  and  where  a  magneto  or  dynamo-electric  machine  is  employed, 
this  should  be  fixed  at  such  a  distance  from  the  vats  as  not  to  be  in 
the  way,  but  at  the  same  time  to  be  as  near  to  them  as  possible  with- 
out inconvenience. 

*  Manufacturers  in  this  country  refused  to  adopt  this  process.  It  was, 
however,  *'  taken  up  *'  in  America  in  the  same  year,  where  it  has  been  worlced 
ever  since.  It  is  now  used  in  this  country  to  some  extent,  as  also  in  many 
other  parts  of  the  world. 

t  '*  Galvanoplastic  ManipulatioDB."    By  W.  H.  WahL 
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Txtipurlng  ttaA  Fonaas. — ^When  the  formes,  or  pages  of  set-np 
type,  have  to  be  electrotyped,  it  is  nedessarj  that  great  oare  should  be 
exercised  in  selecting  the  types,  roles,  &o.,  m  justifying  the  same,  and 
in  locking-up  the  forme.  When  the  art  of  eloctrotyplng  comes  to  be  a 
recognised  substitute  for  stereotyping,  it  is  probable  that  some  modi- 
fications in  the  structure  of  printers'  type  may  be  made  to  suit  more 
fully  the  requirements  of  the  eleotrotyper  than  the  ordinary  type. 
The  following  suggestions  are  given  relative  to  the  composition  of  the 
type  for  reproduction  in  electrotype,  and  these  should  be  well  under- 
stood by  those  who  may  hereafter  be  called  upon  to  produce  electro- 
types from  printers'  formes. 

Compositioii. — ^Every  quadrat,  space,  lead-slug,  reglet,  or  piece  oi  fur- 
niture should  be  high.  Some  leads  have  one  or  both  edges  bevelled ;  but 
even  though  the  bevel  is  small  it  is  sufficient  to  cause  considerable 
trouble,  and  such  leads  should  not  be  used  in  moulding,  as  the  wax  is 
sure  to  be  forced  into  the  space  of  the  bevel,  to  be  broken  off,  and  to 
require  extra  labour  in  distributing  the  type,  besides  making  it  neces- 
sary to  scrape  the  wax  from  the  leads  before  they  can  be  used  again. 
So  far  as  possible,  use  thick  rules  and  those  having  a  bevel  on  each 
side  of  the  face.  Thin  rules  make  so  small  an  opening  in  the  wax 
that  there  is  great  difficulty  in  blaokleading  the  mould,  and  in  the 
bath  the  copper  may  bridge  across  a  small  opening,  leaving  the  face 
and  sides  of  the  rule  uncovered,  or  at  most  with  but  a  thin,  imperfect 
deposit  that  is  useless.  For  this  reason,  type  having  considerable 
bevel,  is  best  for  electrotyping.  English  type  has  more  bevel  than 
American.  Bevelled  rules  also  make  impressions  in  which  the  hairs 
of  the  blaokleading  brush  can  penetrate  more  deeply.  Type-high 
bearers,  or  guards,  about  ^  of  an  inch  thick,  should  be  put  around 
each  page,  and  scattered  through  blank  spaces,  to  prevent  the  wax 
from  spreading  while  the  forme  is  pressed  in  it,  and  also  to  facilitate 
the  operation  of  '*  backing."  If  there  are  several  pages  in  a  forme, 
separate  them  by  two  guards ;  one  g^uard  does  not  give  sufficient  room 
to  saw  between  the  pages  and  leave  enough  of  the  bearer  to  protect 
the  edges  of  the  plate  in  '*  shaving."  When  the  matter  occupies  but 
a  {wrtion  of  a  page,  or  the  lines  are  shorter  than  the  full  width  of  the 
page,  as  in  poetry,  an  em  dash  or  a  letter  should  be  placed  bottom  up 
in  each  comer  of  the  page,  as  a  guide  to  the  finisher  in  trimming  the 
the  plate.  When  the  folio  is  at  one  comer,  that  will  answer  for  one 
of  the  g^des.  Ail  large  blanks,  chapter  heads,  and  lines  unprotected 
by  other  matter,  should  have  type-high  bearers  so  placed  as  to  guard 
the  exposed  parts  from  injury. 

^ooklnff-iipto— The  formes  must  be  looked  much  tighter  than  for 
printing,  for,  in  order  that  the  mould  shall  be  perfect,  the  wax  must 
enter  and  fiU  solidly  all  the  interstioes  of  the  f onne.    This  requires 
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great  pfeesurei  and  Khe  movement  of  the  wax  canaed  hy  the  entering 
of  the  type  in  taking  the  impression^  or  mould,  is  very  likely  to  dis- 
place any  portions  of  the  forme  that  may  be  loose.  A  proof  should 
always  be  taken  after  the  foime  is  looked  up  for  the  foundry, 
and  both  should  be  examined  to  make  sure  that  no  part  has  shifted  in 
driving  the  quoins.  Sometimes  the  matter  is  set  -with  high  spaces  but 
low  leads,  or  vice  vertd,  or  low  spaces  but  no  leads ;  frequently  copper- 
faoed  and  white-faced  type  are  used  in  the  same  forme.  None  of 
these  combinations  should  be  allowed,  but  the  whole  forme  should  be 
either  high  spaces  and  high  leads  or  low  spaces  and  low  leads.  In 
offices  having  no  high  quads,  &c.,  low  material  must  be  used ;  but 
greater  care  is  necessary  in  preparing  the  forme,  more  labour  required 
of  the  electrotyper,  and  the  plate  is  much  less  satisfactory  than  when 
high  material  is  used.  Woodcuts  which  are  locked  up  with  the  type 
must  be  perfectly  cleaned  with  naphtha  or  benidne,  and  dried 
thoroughly  before  the  forme  is  blackleaded,  and  great  care  must  be 
taken  not  to  clog  the  fine  lines  of  the  engraving. 

Moulds  should  not  be  taken  from  electrotype  outs,  since  much  better 
ones  can  be  obtained  direct  from  the  woodcut. 

Oonfcttog  tiM  Xattar. — ^When  necessary  to  make  alterations  in 
electrotype  plates,  the  matter  for  corrections  i^ould  be  setup  and  elec- 
troiyx)ed,  but  the  compositor  should  separate  each  correction  by  a  space 
about  a  pica,  in  order  that  there  may  be  room  to  saw  between  them. 
If  the  alteration  is  but  a  single  letter  or  short  word,  it  is  usual  to 
solder  the  type  to  the  plate.  By  setting  up  corrections  in  their  regular 
order,  the  labour  and  cost  of  plate  alterations  may  frequently  be  much 
)!educed. 

The  above  technical  hints  will  aid  the  electrotyper  into  whose  hands 
a  printers'  forme  may  be  placed  for  reproduction  in  electrotype 
copper. 

Tlaakhagolng  tli«  FoniM. — ^The  forme  of  type  must  first  be 
cleansed  from  printing-ink,  if  very  dirty,  either  with  potash  ley  or 
benzine ;  or,  if  not  very  dirty,  with  water  distributed  from  a  rubber 
pipe  with  rose  sprinkler,  after  which  it  must  be  dried.  The  forme  is 
next  to  be  well  brushed  over  with  plumbago,  to  prevent  the  wax  from 
sticking.  This  is  applied  with  a  soft  hand-brush,  the  plumbago 
being  made  to  penetrate  every  crevice.  In  doing  this,  great  care 
must  be  taken  not  to  fill  up  the  fine  lines  of  the  forme  with  the 
plumbago. 

Vsroparatlon  of  tbe  SOonUL — ^For  this  purpose  a  moulding  ease 
(Fig.  6i)  is  employed,  which  is  a  flat  brass  pan  about  three-sixteenths 
of  an  inch  in  depth,  with  two  flanges,  which  fit  into  the  clamps  of  the 
moulding  press.  This  is  fitted  with  an  *^  electric  connection  gripper." 
The  tnoulding  eomposiiion  consists  of  the  best  pure  yellow  beeswax,  to 
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-wMoh  ig  added  from  five  to  twenty  per  cent,  of  yirgia  tnrpentine,  to 

prevent  it  from  crsckiiig.     If  the  temperature  of  the  apartment  ix 

from  Q0°  to  9j°  Fahr.,  the  wax  ma;  not 

require  any  addition.     The  compoaiUon 

Bbould  be  melted  b;  steam  heat.* 

nuins  ttM  Caa*.— The  moulding  case 

haring  been  slightly  warmed,  on  the  ifeom- 

heaiinff  table,   o,  Pig-.  6?,  la  placed  on  tho 

eate-filling  table,  b,   truly  levelled,  and  tho 

melted  wax,  contaitiod  in  the  Hmall  jacketed 

pan,   ia  poured  intu  it  n-ich  a  clean  iron 

or  ot^lper  ladle,  great  care  being  token  \i> 

run  the  wax  entirely  over  the  case  while 

it  is  hot,  so  that  it  may  not,  by  cooling  too 

quickly  in  any  part,  oaose  irregnlarities. 

Fi(j.  5i.-MouUllng  Caw.      .j-j^^  air-bubblea  which  rise  to  the  auriaco 

must  bo* touched  with  the  healed  buildiag-iroii.  Fig.  64,  when  they  will 

disappear.     If,   on  cooling,   the  wax  ahrinks  away  from  tho  cdgee 

of  the  case,  it  can  be  re-melted  (here  by  running  the  point  of  the 

healed  bnilding-iron  over  it,  bo  as  tn  close  up  any  fiasnre.    When 

cool,  the  wax  ahonld  present  a  gnuxith,  oven  surf  aoe ;  if  this  be  not 


Fig.  61.— Case-fiHiog  and  StMm-heatirig  Tables. 

tlie  case  it  in  useless,  and  most  be  put  back  into  the  pot  and  te- 
meltcd.  llie  whole  surface  ix  now  to  1k'  cnrefiilly  niid  tlioniuffhiy 
niblwd  ovcrwith  plumbago,  and  j-ili.-linl  with  s. .ft  hand -bnish ;  whcii 
this  is  cffwstcil,  tlie  wax  is  ready  to  rei'cive  tbe  impre-sion. 

TaklDg  tlw  Improaaliin,  or  ggonliUng. — Fur  this  purpnxoton- 
siderablc  and  nteody  girewiure  is  necessary,  and  Ihix  is  given  either  by 

*  Gut^perchs  is  seldom  used  ia  America  for  making  mouldi* 


ELECraOTYPING  PRIWTEBB     SET-UP  TYPE.  135 

means  of  b,  hydraulio  presa,  or  bj  tlie  "  toggle  "  press,  one  fonn  ot 
which,  OS  manufactured  by  Hoe  &  Co, ,  is  shown  in  ¥ig.  63.  This 
form  of  pre«8  congiats  of  a  masBive  frame,  having  a  planed  bod,  otbt 
which  is  a  fixed  head.  There  is  a  projecting  table,  on  which  the 
forme  and  case  may  be  oiranj^  before  sliding  tliem  to  receive  the 
prcBaure,  which  In  put  upon  them  by  raiaing  the  bed  by  means  of  the 
hand  wheel  and  screw,  and  the  two  toggles.  Id  this  way  enormoiIB 
is  obtained  wiUi  bat  little  manual  exertion. 


^g-  65.— Toggle  Press  for  Electrotype  Mould. 

Vha  Oloth.^ — Where  low  spaces  arc  used,  it  is  customary  to  make  a 
preliminary  impression  with  a  thin  sheet  of  gutn  cloth  interposed ; 
this  is  then  removed  and  the  prensure  piit  on  again.  Where  the  cloth 
ia  not  uHcd,  it  ia  neccaiuiry  lo  shave  <>if,  with  a  wide,  thin  knife,  the 
projtotiug  wan  ridgea. 

BemoTlnc  Uia  rorma.— In  case  the  forme  should  stick  to  the  wax, 
it  may  be  relieved  by  touching  the  ohaso  gently  in  two  or  three  places 
with  a  lunp:  screw  driver,  taking  core  not  to  break  the  face  of  t^  wax. 
The  case  is  now  tu  bu  placed  upon  a  tablu,  leady  for  the  prooeos  of 
iitUding. 


s$6 
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Bnildlaff. — ^The  mould  is  now  laken  in  hand  bj  a  workman  wbo, 
with  the  wide,  thin  bladed  knife,  sharee  off  the  projecting  wax  ridgee 
forced  up  about  the  edges  and  low  parts  of  the  mould  by  the  press, 
and  which,  if  not  removed,  would  impede  the  separation  of  the  * '  shell ' ' 
from  the  face  of  the  moidd,  when  removed  from  the  depositing  tank. 
The  operation  of  **  building  *'  is  thus  performed :  the  workman  takes 
an  implement  such  as  is  shown  in  Fig.  64  (called  a  **  building-iron  "), 
several  of  which  are  laid  on  a  rack  in  a  small  oven 
heated  by  gas,  and  applies  to  it  from  time  to  time  a 
thin  strip  of  wax,  allowing  the  melted  wax  to  run  from 
.  the  point  of  the  tool  on  to  the  open  spaces  or  blanks  of 
the  mould.  The  operation  requires  a  skilful  and  steady 
hand  of  a  practised  workman.  Upon  this  point  Wahl 
says,  "  It  is  essential,  in  order  to  avoid  the  chiseling 
(routing  or  deepening  of  the  open  spaces)  that  would 
otherwise  be  necessary  to  perform  upon  the  finished 
electrotype,  for,  unless  these  open  spaces  are  consider- 
ably lower  than  the  spaces  between  the  fine  lines  of 
the  subject,  they  are  apt  to  smut  in  the  printing  pro- 
cess. To  cut  these  out  with  the  chisel,  or  routing  ma- 
chine, from  the  finished  electrotype  would  be  a  difficult 
and  dangerous  operation,  difficult  because  of  the  com- 
parative hardness  of  the  copper  surface,  and  dang^erous 
because  the  breaking  of  the  continuity  of  the  copper 
surface  will  be  liable  to  curl  up  on  the  edge  of  the  cut, 
and  to  gradually  destroy  its  attachment  to  the  stereo- 
type metal  with  which  it  is  backed  up.*'  To  avoid  the  necessity  of 
chiseling,  with  the  risks  which  it  entails,  a  ridge  of  wax  is  built  up 
on  those  parts  of  the  mould  which  require  to  be  depressed  in  the 
finished  electrotype,  but  g^reat  care  is  necessary  to  prevent  the  wax 
from  running  whcsre  it  is  not  wanted.  The  wax  used  for  the  above 
purpose  is  cut  into  strips  of  six  or  eight  inches  in  length,  and  about 
half  an  inch  in  thickness. 

Flumliaipoliic  tlia  Konld. — ^The  wax  mould  being  prepared  as 
above,  is  next  coated  with  plumbagfo,  the  material  used  in  America 
being  obtained  from  Ceylon  graphite.  The  plumbag^ing  is  generally 
performed  by  a  machine,  the  most  approved  form  of  which  is  repre- 
sented in  Fig.  65,  its  cover  being  removed  to  show  its  construction. 
The  machine  has  a  travelling  carriage,  holding  one  or  more  forms, 
which  passes  to  and  fro  under  a  laterally-vibrating  brush.  An  apron 
is  placed  below  to  receive  the  loose  plumbago,  which  is  used  over  and 
over  again.  As  soon  as  the  mould  is  sufficiently  plumbagoed,  it  is 
removed  from  the  press,  and  the  surplus  material  is  either  dislodged  by 
a  hand-brush  or  with  broad-nosed  bellows.    It  is  essential  that  all 


Fig.  64. 
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exoen   of   plumbago   be   removed,   oOierwiBe  a  coarse  and    boltj 
decffotype  will  b«  obtained. 

Owing  to  the  unavoidable  diul  created  b)  the  dry  plumbagoing 
machine,  bj  the  impalpable  graphite  powder,  aome  eUotnitypiatB 
prefer  to  adopt  the  wet  pnxxaa  invented  by  Mr.  3ilaa  P.  Knight,  d 


Fift.  6;. — Plnmbagolng  Machine. 

the  eleotrotyping  department  of  Ueeare.  Harper  Brothers,  New 
rent.  This  pTooeea  is  said  to  irork  more  speedilj'  and  delioat«lj  than 
the  fonner,  the  moulds  being  thinly  and  uniformly  coated,  ueithw 
omitting  the  dot  of  an  i,  nor  allowing  the  bridging  over  of  fine  lines. 

KUcht's  Flnmbasalns  riuu— By  this  method,  the  mouldn 

are  placed  npan  a  eheU,  in  a  auitable  receptacle,  and  a  rotary  pump 
foTcee  an  emnlsion  of  plumbago  and  water  over  their  face»,  through  a 
travelling  fine-rose  nozzle.  This  process  is  Boid  to  be  "rapid,  ufii- 
oieat,  neat,  and  economical." 

'Wlrlns. — When  the  plumbagoing  is  complete,  the  workman  takes 
one  or  Tnore  lengths  of  stout  copper  wire,  the  ends  of  which  are  first 
oleaned,  and  thon  gently  heated  ;  the  wires  are  then  embedded  in  the 
wax  oompoeition  on  the  lide  of  the  mould,  and  the  joints  arc  then 
plmabagaed  with  the  finger  so  as  to  ensure  a  perfect  rleclrical  cmmtclion 
between  the  wire  and  the  plnmbagoed  surface.  In  order  to  prevent 
the  copper  deposit  from  taking  place  upon  such  surfaces  beyond  the 
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face  of  the  moxild  as  may  have  become  coated  with  the  graphite,  the 
workman  takes  his  hot  building-iron,  and  passes  it  over  these  outlying 
parts  of  the  mould  so  as  to  destroy  the  conductibility  of  the  superfluous 
plumbago  ;  this  is  termed  stopping. 

When  moulds  of  large  size  have  to  be  treated,  it  is  necessary  to 
place  a  series  of  copper  wires  on  the  edges  of  the  mould,  by  which 
means  the  deposit  commences  uniformly  at  the  several  points  of 
junction  ;  these  wires  are  then  brought  in  contact  with  the  slinging 
wires  by  which  the  mould  is  suspended,  and  thus  receive  the  current 
from  the  conducting  rod  connected  to  the  dynamo-electric  machine  or 
batteries. 

Boa's  Bleetrle  OoniMetlon  Orlpper. — ^A  very  practical  airange- 
ment  for  conducting  the  current  to  several  points,  or  parts  of  the 
mould,  is  effected  by  the  **  electric  connection  gripper  *'  of  Messrs.  B. 
Hoe  and  Co.,  which  is  represented  in  Fig.  61,  as  connected  to  the 
moulding  case.  "  This  arrangement  is  designed  to  hold  and  sustain 
the  moulding  cafo,  and  at  the  same  time  to  make  an  electric  connection 
with  the  prepared  conducting  face  of  the  mould  itself,  consequently 
leaving  the  metal  case  itself  entirely  out  of  the  current  (circuit),  so 
that  no  copper  can  be  deposited  on  it.** 

MetalHrtng  the  Konlda. — Plumbago  being  but  a  moderately  good 
conductor,  many  attempts  have  been  made  both  to  improve  its  con- 
ductibility, and  to  provide  a  substitute  for  it  altogether.  With  the 
former  object,  we  have  mixed  moderate  proportions  of  Bessemer 
bronze  powder  with  advantage,  as  also  copper  reduced  from  the 
sulphate  by  metallic  zinc,  and  afterwards  triturated  with  honey,  an 
impalpable  powder,  or  bronze^  being  obtained  by  washing  away  the 
honey  with  boiling  water,  and  afterwards  collecting  the^c*«^  particles 
of  the  reduced  metal  by  the  process  of  elutriation ;  that  is,  after 
allowing  the  agitated  mixture  of  water  and  metallic  powder  to  repose 
for  a  few  seconds,  the  liquid,  holding  the  finest  particles  in  suspension, 
is  i)oured  off  and  allowed  to  settle,  when  an  exceedingly  fine  deposit 
of  metallic  copper  is  obtained.  The  process  of  coppering  the  mould, 
devised  by  Mr.  Silas  Knight,  is  generally  adopted  in  America.  By  this 
method,  a  thin  film  of  copper  is  deposited  on  the  mould  in  a  few  seconds, 
the  operation  being  conducted  as  follows  :  *'  After  stopping  out  those 
portions  of  the  mould  that  are  not  to  receive  the  deposit,  it  is  laid  in  a 
shallow  trough,  and  a  stream  of  water  turned  upon  it  from  a  rose  jot, 
to  remove  any  partiohm  of  blaoklead  that  may  ixanain  in  the  lines  or 
letters.  The  workman  then  ladles  out  of  a  conveniently  placed  vessel 
some  sulphate  of  copper  solution,  pours  it  upon  the  face  of  the  mould, 
then  dusts  upon  it  from  a  pepper  box  some  impalpably  fine  iron 
filings,  and  brushes  the  mixture  over  the  whole  surface,  which  thus 
becomes  coated  with  a  thin,  bright,  adherent  coat  of  copper.     Should 
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any  portion  of  the  surface,  after  such  treatmenti  remain  uncoppored, 
the  operation  is  repeated.  The  excess  of  copper  is  washed  oiff,  and 
the  mould  is  then  ready  for  the  bath.'*  The  washing  of  the  mould  is 
effected  by  means  of  a  stream  of  water  applied  from  a  rubber  hose  and 
pipe,  and  the  mould  must  be  placed  in  the  bath  directly  after  the 
washing  is  complete. 

Adams'  ProcMM  of  BSatallisins  Konlds. — This  process,  which 
was  patented  in  America  in  1870,  is  said  to  give  a  perfect  conducting 
surface  to  wax  moulds  with  greater  certainty  and  rapidity  than  any 
other,  and  will  accomplish  in  a  few  minutes  that  which  plumbago 
alone  would  require  from  two  to  four  hours.  The  process  is  con- 
ducted as  follows :  WhlLe  the  mould  is  still  warm  in  the  moulding 
case,  apply  freely  powdered  tin  (tin  bronze  powder,  or  white  bronze 
powder)  with  a  soft  brush  until  the  surface  presents  a  bright,  metallic 
appearance ;  then  brush  off  the  superfluous  powder.  The  forme  of 
type  or  wood-cut  is  then  plumbagoed,  and  an  impression  or  mould 
taken  in  the  wax  as  before  described,  the  mould  being  built  up  and 
connected  as  before.  The  tin  powder  is  now  to  be  brushed  over  it 
either  by  hand  or  machine,  and  the  superfluous  tin  blown  away  by  the 
bellows,  after  which  the  building-iron  is  applied  for  stopping  all  parts 
upon  which  copper  is  not  to  be  deposited.  The  mould  is  then  to  bo 
immersed  in  alcohol,  then  washed  with  water  **to  remove  the  air 
from  the  surface,"  when  it  is  ready  to  be  immersed  in  a  solution  pre- 
pared as  follows :  FiU  a  depositing  tank  nearly  full  of  water,  keeping 
account  of  the  number  of  gallons  poured  in  ;  hang  a  bag  of  crystals 
of  sulphate  of  copper  until  the  water  is  saturated ;  for  every  gallon  of 
water  used  add  from  half  a  pint  to  three  gills  of  sulphuric  acid,  and 
mix  the  whole  thoroughly.  In  this  solution  hang  a  sheet  of  copper, 
connected  to  the  positive  pole  of  the  battery,  and  when  the  solution 
becomes  cool  and  settied,  immerse  the  mould  and  connect  it  with  tike 
negative  electrode,  when  the  surface  of  the  mould  wlU  be  quickly 
covered  with  thin  copper.  Then  remove  for  completion  to  another  and 
larger  depositing  vat,  containing  a  solution  made  in  the  proportion  of 
one  pound  of  sulphate  of  copper  and  one  gill  of  sulphuric  acid  to  each 
gallon  of  water.  If  crystals  of  sulphate  of  copper  form  on  the  copper 
plate  in  the  first  depositing  vat,  disconnect  it  and  dissolve  them  ofl;, 
substituting  for  it  a  clean  plate. 

Since,  in  the  above  process,  the  tin  powder  becomes  disscilved  ami 
enters  into  the  solution,  when  this  liquid  becomes  satunited  with  trQ, 
after  being  l6ng  in  use,  it  must  be  cast  aside  and  replaced  by  fresh 
solution.  The  tin  powder  may  be  employed,  as  a  substitute  fur 
plumbago,  without  changing  from  one  bath  to  another,  thus  :  After 
the  mould  has  received  the  desired  impression,  it  is  taken  to  the  plum- 
bago table,  and  held  face  downward  with  one  end  resting  on  the 
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table,  while  the  other  is  supported  by  the  hand.  It  is  then  stniok  on 
the  back  several  times  to  loosen  the  blaoklead  that  is  pressed  on  the 
wax  while  moulding,  and  all  the  fine  duet  that  may  cUng  to  the 
mould  must  be  blown  away.  After  building  up  and  making  all  con- 
nections, it  is  to  be  placed  in  the  hand-case  or  plumbagoing  machine, 
and  the  tin  powder  applied  in  the  same  way  as  plumbago.  Both  the 
machine  and  hand -case  should  be  kept  free  from  plumbago,  the 
tin  powder  only  being  used  to  metallise  the  surface  of  the  mould.  If 
the  machine  be  used,  place  the  mould,  or  moulds,  on  the  carriage, 
cover  well  over  with  tin  jpowder,  close  the  door,  and  ran  once  forward 
and  backward  under  the  vibrating  brush ;  then  turn  the  moulds  round, 
put  on  more  tin  powder,  and  run  through  again.  It  takes  three 
minutes  for  the  whole  operation.  The  tin  powder  is  to  be  beaten  out 
on  the  table  used  for  this  powder  as  before,  and  then  thoroughly  well 
blown  out.  Instead  of  using  the  building-iron  for  stopping  off,  any 
suitable  varnish,  or  an  aloohoUc  solution  of  sealing-wax,  may  be  used. 

Qaiekinff. — ^To  prevent  the  copper  deposit  from  being  broken  over 
lines  of  set-up  type,  the  lines  may  be  wetted  with  a  dilute  solution  of 
nitrate  of  mercury,  or  with  the  cyanide  quioking  solution  used  in  pre- 
paring work  for  plating.  A  further  deposit  is  then  given  in  the  sul- 
phate of  copper  bath. 

The  Pepoirttfiig  BaUi. — ^The  solution  employed  is  a  saturated  solu- 
tion of  sulphate  of  copper,  acidulated  with  sulphuric  acid,  and  lai^ 
copper  anodes  are  suspended  in  the  bath,  between  which  the  cases 
containing  the  prepared  moulds  are  suspended,  back  to  back,  so  that  the 
faces  of  the  moulds  may  be  directly  opposite  the  anodes.  The  time 
occupied  in  obtaining  the  electro  deposit  of  copper  depends  upon  the 
power  of  the  current  employed  and  the  thickness  of  metal  desired. 
For  ordinaiy  book  or  job  work,  the  shell  of  copper  should  be  about  the 
thickness  of  good  book  paper,  and  this  should  be  obtained  in  from 
three  to  five  hours.  Electros  for  newspaper,  titles,  and  such  blookB  as 
are  subjected  to  much  use,  should  receive  a  stouter  deposit. 

Battsriaa. — Several  modifications  of  the  Smee  battcffy  have  been  ex- 
tensively adopted  in  the  United  States,  including  copper  plates, 
deotro -silvered,  and  platinised  ;  but  the  most  g^eraUy  accepted  im- 
provement consists  in  employing  platinised  platinum  plates  for  the 
negative  element  instead  of  platinised  silver  of  the  Smee  battery.  The 
battery  plates,  instead  of  nearly  touching  the  bottom  of  the  cell,  as  in 
the  ordinary  Smee  battery,  whereby,  after  being  in  use  some  time, 
they  become  immersed  in  a  saturated  solution  of  sulphate  of  zinc, 
causing  gpreat  diminution  of  the  current,  only  extend  to  about  one- 
third  of  the  depth  of  the  battery  cell.  By  this  arrangement,  which 
was  devised  by  Mr.  Adams,  of  America,  in  184 1,  an  equal  action  of  the 
battery  is  kept  up  for  a  much  longer  period  than  would  be  possible 
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wiih  a  Smee  battery  of  ordinaiy  oonstractloii.  Wahl  aays  that  a 
Smee  battery  of  twenty-six  pairs,  each  12  by  12  inches,  will  deposit 
from  six  to  six-and-half  square  feet  of  copper  upon  prepared  moulds 
in  four  hours.  Batteries,  however,  are  not  now  much  used  in  the 
States,  having^  been  greatly  superseded  by  the  dynamo-electric 
machine,  whereby  the  electrotyping  and  electro-depositing  arts  in 
general  have  become  enormously  increased. 

Tr^almmt  of  th*  Bteeirotype. — When  the  mould  has  received  the 
requisite  deposit,  it  is  to  be  removed  from  the  bath,  and  is  next  to  be 
separated  from  the  wax  composition.  This  is  done  by  placing  the 
mould  in  an  inclined  position,  and  passing  a  stream  of  hot  water  over 
the  copper  surface,  which,  by  softening  the  wax,  enables  the  copper 
shell  to  be  stripped  off,  by  raising  it  from  one  comer  while  the  hot 
water  is  passing  over  the  mould.  The  shell  should  be  removed  with 
care  and  must  not  be  allowed  to  bend  in  the  least  deg^ree.  The  thin 
film  of  wax  which  adheres  to  the  face  of  the  electro  is  removed  by 
placing  it  upon  a  wire  rack,  resting  on  a  vessel  containing  a  solution 
of  caustic  potash,  which  is  poured  over  the  electro  by  means  of  a  ladle, 
the  liquor  returning  to  the  vessel  beneath.  The  potash  has  the  effect 
of  dissolving  the  wax  in  a  short  time,  after  which  the  electro  is  woU 
rinsed  in  cold  water. 

Ttmiliis  and  Haoklng  Ul^  BloetTotype. — The  first  of  these  opera- 
tions, tinninfff  is  necessary  in  order  to  ensure  a  perfect  union  between  the 
"baoking-up  metal"  (stereotype  metal) 
and  the  electrotype.  The  back  of  the 
electro  is  first  brushed  over  with  a  solution 
of  chloride  ofzinCy  made  by  dissolving  zinc 
in  muriatic  acid,  and  diluting  it  with 
about  one-third  of  water,  to  which,  some- 
times, a  little  sal  ammoniac  is  added.  The 
electrotype  is  now  laid,  face  downwards, 
upon  an  iron  soldering  plate,  floated  on  a 
bath  of  melted  stereotype  metal,  and  when 
sufficiently  hot,  melted  solder,  composed  of 
equal  parts  lead  and  tin,  is  poured  over  the 
back,  by  which  it  acquires  a  clean  bright 
coating  of  solder.  Another  method  is  the 
following:  The  shell  being  placed  face 
downward,  in  the  haeking'pan,  is  brushed 
over  with  the  *'  tinning  liquid  "  as  before,  and  alloyed  tin  foil  is  spread 
over  it,  and  the  pan  again  floated  on  the  hot  baoking-up  metal  until  tho 
foil  melts  and  covers  the  whole  back  of  the  electrotype.  When  the  foil 
is  melted,  the  backing-pan  is  swung  on  to  a  levelling  stand,  and  the 
melted  backing  metal  is  carefully  poured  on  the  back  of  the  shell  from 
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an  iron  ludlo,  oommencing  at  one  of  the  comers  and  f^nidually  nm- 
iiin^r  over  the  surface  until  it  is  covered  with  a  backinp:  of  sufficient 
thickncsa.  A  convenient  fiirm  uf  )iitokin)^-paD  and  stand  is  xhnwn  in 
Fig.  66.  The  thiplmrs3  of  the  bjicltiiif*  is  about  onc-ei^htli  of  an  inch, 
orsnfficient  to  enable  the  electro,  when  trimmed  and  mounted,  towith- 
ntund  the  preBBUrrr  of  the  printina'  presii.  The  baokinR-up  alloy  a 
rnrioualy  compowd,  hnt  thp  fnllowinjr  is  a  good  practioal  formula : — 


— As  thoy  pass  from  the  hands  of  the  "backer," 
the  phttca  present  a  rough  and  uneven  surface  on  the  back,  and  the 
bbinkw  are  higher  than  they  bhould  be  for  mounting.  It  in  the  finisher' h 


Flff.  67.— S»w  Table.  Hill.  Hqunring  Table. 

duty  tj>  remedy  all  such  defects.  If  the  backed  elcetrntypo  conxiftH  of 
Hcveral  pages,  it  is  first  taken  tii  the  saw  table.  Fig.  67,  where  it  is 
roughly  sawn  apart  by  a  eirenlar  saw,  the  eyes  of  the  workman  being 
protected  from  the  particles  of  Hying  metal  by  a  iquarc  plale  of  yliv",  ai 
shown  in  the  figure.  Eocb  phit<>  is  then  trimmed  all  round  to  remove 
tough  adges.  and  if  there  arc  any  projectiona  which  would  proYpnt  it 
from  lying  flat,  these  aro  carefully  ont  down  with  a  small  chisel.  The 
pktc  is  oezt  lAavtd  to rmooio  the  loaghneM  from  the  bauk  and tnako 


FINTSHINa    TBB    ELEOTROTVPB.  T43 

it  of  uniform  thiokncnx  in  all  parts.     Thin  is  effcotcil  in  Hmall  eata'b- 
IJahtnenta  by  the  hand  diaving  machinB.  Fig.  68,  but  since  tUs  opera- 
ig  the  most  laborious  part  of  the  flninhinR  prooesa,  it  i«  far  preferable 
to  employ  a  power  machine  for  this  purpoxo.     The  plate  bcin^  now 
brought  to  nearly  ita  proper  thickness,  anit  almost  true,  is  next  tested 
with  a  ntraigbt-eiige,  and  all  uneFcnnceucs  bcnCen  down  with  a  light 
hammer  and  p]aiipr,  preparatory  to  the  final  shaving :  the  platf  1^ 
then  pnsHpd  through  the  hand  shaving  machine,  accurately  ndjiistM, 
and  two  or  three  hght  euta  are  taken  off.     The  face  ia  then  tested  by 
rubbing  with  a  flat  p\eve  of  willow  charcoal,  which,  by  not  blackening 
the  low  piirts,  or  hollows,  ennhle<i  the  workman  to  see  if  ati;  such 
eiiat,  in  which  case  he  put« 
a   correBponding    mark    lo 
indicate  these  places  on  the 
back  with  a  suitable   tool. 
The  plate  ia  then  laid,  face 
downward,  and  the  marked 
places  arcstruek  with  a  ball- 
faced  hammer  which  forces 
up  the  printing  aurface  be- 
neath to   its  proper    level, 
Tho  plate  is  next  subjected 
to  the  hand  nhnving  machine 
(Fig.  68),  by  which  the  back 
becomes  shaved  down  tn  ita 
proper  thickness   and  ren- 
dered  perfectly    level    and 
smooth.    The  cdgoaare  neit 
planed  wguarc    and  to  tho 
proper  sixe.  after  which  they 

aro  tranrfeiTcd  to  tlio  car-  ff^  68.— Hand  ShavinR  Machine, 

pentcr,  who   moutita  them, 

type-high,  on  bloclta  of  wood,  which  maylie  cither  of  cherry,  mahogany, 
or  other  suitable  wood,  which  in  cut  perfectly  Inio  and  oquaro  in  every 
direction.    The  plates,  when  mountiHl,  aro  rcpidy  for  the  printer. 

Bookwork  is  uaunlly  not  mounted  on  wood,  the  plates  heing  left  un  ■ 
mounted,  and  llnishod  with  bevellod  edges,  by  which  they  are  secured 
on  auitablo  plate  blocks  of  wood  or  iron,  auppliod  with  gripping  pieeaii 
which  hold  them  firmly  at  the  proper  height,  and  enable  them  to  be 
properly  locked  up. 

Fig.  69  represents  Ueeats.  E.  Hoe  *  Co.'b  power  planing  and 
sawing  machine,  which  is  intended  for  roughing  off  plates  before 
■ending  them  lo  the  shaving  machine,  and  ia  said  to  be  very  aimple, 
qniek,  and  efficient  in  operation.     A  circular  saw  runs  in  an  olevatinf 
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table  at  one  comer,  for  sqoaring'  np,  and  an  outside  cutter,   with 
sliding'  tabic,  is  sttoclied  fur  Bquariog  up  metal  bodies,  &c. 

lUactrotnrtiis  fi?om  Flutar  MonUa. — Plaster  of  P&ria  may  be  em- 
ploytd  for  □utking'  electrotype  moulds  Instead  of  wax,  in  which  caae 
the  phmter  mould  is  firat  soalitd  in  «ax  ;  it  is  then  coated  with  a  min- 
tiiro  composed  as  follows :  nitrate  of  silver  i  gramme,  diiwolved  in 
water,  2  grammes  ;  to  this  is  added  :^  grammos  of  ammonia,  and  then 
3  grammes  of  absolute  alcohol.    The  mould  is  then  to  be  exposed  to 
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sulphuretted  hydrogen  (fae — made  by  pouring  ililute  suiphurio  acid  on 
powdered  sulphide  of  iron. 

aUeltotyplng  Wood  BncraTliisB,  fte.— One  of  the  most  uncful 
and  exteniiive  applications  of  eledzotypiug  is  in  the  copying  of  «-ood 
engravitig^  in  electrolytic  copper,  to  form  metallic  printing  sorfacea  in 
liau  of  printing  from  the  lewi  durable  material,  wood.  The  value  and 
importance  of  electrotype  blocks  to  the  proprietors  of  illustratotl 
pubhcations — many  of  which  have  an  enormone  aale — will  be  at  OTU-'O 
recognised  when  we  state  that  the  electrotype  heading  of  T/ie  Tuf,et 
newspaper  is  repnted  to  have  produced  no  less  thantwenty  millions  of 
copies  or  imprensionii  before  it  required  renewal.  It  would  be  difficult 
to  estimate  hnn'  Tnunj-  wood  block::  would  have   been  reijuirod  to 


ELEOTROTYPINO  WOOD  ENGRAVINGS.  1 45 

f umitth  so  largo  a  number  of  impressions,  equally  perfect.  Indeed,  if 
we  take  the  trouble  to  examine  some  of  the  illustrations  of  our 
periodical  literature  which  have  been  produced  direct  from  wood 
blocks,  we  cannot  fail  to  notice  the  gradual  depreciation  of  the 
original  engraved  blocks. 

In  copying  an  eng^ved  wood  block,  it  is  first  well  brushed  over 
with  plumbago,  or  simply  moistened  with  water ;  it  is  then  placed 
upon  a  level  bench,  and  a  metal  frame  somewhat  higher  than  the  block 
is  fastened  round  it.  A  lump  of  softened  gutta-percha  is  then  placed 
in  the  centre  of  the  engraving,  and  forcibly  spread  outward  (towards 
the  frame),  by  which  air  becomes  excluded.  A  plate  of  cold  iron  is 
now  placed  over  the  gutta-percha,  with  gentle  pressure,  which  is 
afterwards  gradually  increased,  by  moans  of  a  press,  as  the  gutta- 
percha becomes  harder.  When  the  mould  has  cooled,  it  is  carefully 
separated  from  the  block,  and  well  plumbagoed,  after  which  the  con- 
necting wire  and  "  guiding  wires  "  are  attached  ;  it  is  then  ready  for 
the  depositing  bath,  where  it  is  allowed  to  remain  until  a  shell  of 
sufficient  thickness  is  obtained,  which  will  depend  upon  the  size  of 
the  mould  and  the  strength  of  the  current  employed.  Under  lavour- 
able  conditions,  a  shell  of  copper,  say,  of  about  one  square  foot  of 
surface,  will  be  obtained  in  about  eight  or  ten  hours,  or  even  less  ;  it 
is  commonly  the  practice  to  put  a  series  of  moulds  in  the  bath  towards 
the  evening,  and  to  leave  them  in  the  bath  all  night ;  on  the  following 
morning  the  deposit  is  found  to  be  ready  to  separate  from  the  mould. 
In  electrotype  works  where  magneto  or  dynamo  machines  are  em- 
ployed (as  in  some  of  our  larger  printing  establishments),  a  good  shell 
is  obtained  in  from  three  to  five  hours,*  according  to  the  dimensions 
of  the  mould.  After  removing  the  mould  from  the  bath,  it  is  rinsed 
in  water,  and  the  shell  carefully  detached,  and  the  electrotype  is 
next  backed-up  with  solder  or  a  mixture  of  type  metal  and  tin,  the 
back  of  the  electrotype  being  first  brushed  over  with  a  solution  of 
chloride  of  zinc.  The  edges  of  the  electrotype  are  next  trimmed  with 
a  circular  saw,  and  are  afterwards  submitted  to  the  planing  machine, 
by  which  the  backing  metal  is  planed  perfectly  level  and  flat ;  the  edges 
are  then  bevelled  by  a  bevelling  machine,  when  the  plate  is  ready 
for  mounting  on  a  block  of  cedar  or  mahogany,  which  is  effected  by 

*  An  American  electrotypist,  on  a  visit  to  London,  told  the  author,  about 
five  years  ago,  that,  having  adopted  the  Weston  dynamo  machine  in  place  of 
voltaic  batteries,  he  could  deposit  a  shell  of  copper  upon  fifteen  moulds, 
each  having  about  two  square  feet  of  surface,  in  about  two  and  a  half  hours ; 
that  is  to  say,  by  the  time  the  fifteenth  or  last  mould  was  put  into  the 
bath  the  one  which  had  first  been  immersed  was  sufficiently  coated  for 
backing  up. 
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meoDB  of  small  iron  pins  driven  into  the  bevel  edges  of  the  backing 
metal.  When  oomplete,  the  blook,  with  its  mounted  electrotyjDe, 
should  be  exactly  ti/pe  high.  Respecting"  electrotjrpes  from  wood 
engraving's,  or  *'  electros/'  as  they  are  commonly  called  in  the  print- 
ing trade,  we  may  mention  that  many  of  omx  larger  illustrations 
are  produced  from  electrotypes.  Engraved  steel  plates  are  copied  in 
the  same  way  as  above,  and  their  reproduction  in  copper  by  the  elec- 
trotype process  is  extensively  practised. 

Tin  Fowd«r  toot  Btoetrotjpias. — Grain  tin  may  be  reduced  to  an 
impalpable  powder  by  either  of  the  following  methods : — i .  Melt  the 
grain  tin  in  an  iron  crucible  or  ladle,  and  pour  it  into  an  earthenware 
mortar,  heated  a  little  above  its  melting  point,  and  triturate  briskly 
as  the  metal  cools.  Put  the  product  in  a  muslin  sieve  and  sift  out 
the  finer  particles,  and  repeat  the  trituration  with  the  coarser  par- 
ticles retained  in  the  sieve.  To  obtain  a  still  finer  product  place  the 
fine  powder  in  a  vessel  of  clean  water  and  stir  briskly ;  after  a  few 
seconds'  repose,  x)our  off  the  liquor  in  which  the  finer  particles  are 
suspended,  and  allow  them  to  subside,  when  the  water  is  to  be  again 
poured  off  and  a  fresh  quantity  of  the  powder  treated  as  before.  The 
impalpable  powder  is  finally  to  be  drained  and  dried,  and  should  be 
kept  in  a  wide-mouthed  stoppered  bottle  for  use.  2.  Melt  grain  tin 
in  a  graphite  crucible,  and  when  in  the  act  of  cooling,  stir  with  a 
clean  rod  of  iron  until  the  metal  is  reduced  to  a  powder.  The  powder 
should  then  either  be  passed  through  a  fine  sieve  or  elutriated  as  above 
desoribed,  which  is  by  far  the  best  method  of  obtaining  an  absolutely 
impalpable  product.  In  using  this  powder  for  electrotyping  pur- 
poses in  the  manner  previously  described,  it  must  not  be  forgotten 
that  the  tin  becomes  dissolved  in  the  copper  bath  ;  it  should  therefore 
only  bo  employed  in  a  bath  kept  specially  for  the  purpose,  and  not 
be  suffered  to  enter  the  ordinary  electrotyping  vat. 


CHAPTER  VIII. 

BLEOTKO-DEPOSITION  OF  COPPER  (eontinued). 

Deposition  of  Copper  by  Dynamo-eleGtricity. — Copying  SUtue«,  Ac.— Lenoir'a 
Prooen. — Deposition  of  Copper  on  Iron. — Coppering  Printing  Rollers. — 
Sehlumberger's  Process. — Producing  Printing  Boilers  by  Electricity. — 
Coppering  Cast  Iron. — Coppering  Steel  Wire  for  Telegraphic  Purposes. 
—Coppering  Solutions. — Dr.  Eisner's  Solution. — Walenn's  Process. — 
Gulensohn's  Process. — ^Weil's  Coppering  Process.— Electro-etching. — 
Glyphography. — ^Making  Copper  Moulds  by  Electrolysis. — Making  Elec- 
trotype PUtes  from  Drawings. — Coppering  Steel  Shot. — Coppering 
Notes. 

]>«pmltioii  of  Copper  by  Byiuuno-eloetrleitsr. — Within  the  past 
few  years,  owing  to  the  great  advance  made  in  the  production  of 
powerful  and  reliable  magneto  and  dynamo-electrio  maohinas,  the  re- 
duction of  copper  by  eleotrolysiB  in  the  various  branches  of  eleotro- 
deposition  has  assumed  proportions  of  great  magnitude ;  and  while 
nickel-deposition—  which  fifteen  years  ago  was  a  comparatively  un- 
developed art — ^has  quietly  settled  down  into  its  legitimate  position  as 
an  important  addition  to  the  great  electrolytic  industry,  the  eleotro- 
deposition  of  copper,  and  its  extraction  from  crude  metal,  have  pro- 
gressed with  marvellous  rapidity,  both  at  home  and  abroad,  but  more 
especially  so  within  the  past  five  or  six  years,  and  we  may  safely 
predict  from  our  knowledgfe  of  the  vast  number  of  magneto  and 
dynamo  machines  which  are  now  being  constructed,  under  special 
contracts,  that  in  a  very  short  time  the  electrolytic  reduction 
of  copper  will  reach  a  scale  of  magnitude  which  will  place  it 
amongst  the  foremost  of  our  scientific  industries  in  many  parts  of 
the  world.  Before  describing  the  processes  of  coppering  large  metallic 
objects,  we  must  turn  our  attention  to  the  production  of  electrotypes 
of  larger  dimensions  than  those  previously  considered.  At  a  very  early 
period  of  the  electrotype  art,  Russia,  under  the  guidance  of  the  famous 
Professor  Jacobi,  produced  colossal  statues  in  electrolytic  copper,  which 
at  the  time  created  profound  astonishment  and  admiration.  About  the 
same  period  our  own  countrymen  directed  their  attention  to  this  appli- 
cation of  electrotypy,  and  at  subsequent  periods  electrotypes  of  con- 
siderable dimensions  were  produced  not  only  in  this  country  but  on 
the  Continent.  Some  exceedingly  fine  specimens  have  been  produced 
by  Messrs, . Elkington  &  Co.,  one  of  the  most  notable  of  which  is 
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that  of  the  Earl  of  Eglinton,  13^  feet  high  and  weighidjgf  two  tons, 
while  Bomc  other  equally  good  specimena  of  life-size  busts  and  baa- 
reliefs  are  to  be  seen  in  Wellington  College,  the  House  of  Lords,  &c. 
The  well-known  Paris  firm,  Messrs.  Christofle  &  Co.,  have  also 
produced  colossal  electrotype  statues,  one  of  which  is  29  feet  6  inches 
in  height,  and  weighs  nearly  three  tons  and  a  half ;  the  oompletion  of 
the  deposit  occupied  about  ten  weeks. 

GopyiBS  Btatoesy  See, — ^When  very  large  objects  have  to  be  repro- 
duced in  electrotype,  the  method  adopted  is  usually  as  follows  :  The 
original,  formed  of  plaster  of  Paris,  produoed  by  the  modeller  or 
sculptor,  is  first  brushed  aU  over  with  boiled  linseed  oil,  until  the  sur- 
face is  completely  saturated  with  the  drying  oil.  After  standing  for 
two  or  three  days,  according  to  the  temperature  and  condition  of  the 
atmosphere,  the  object,  which  is  thus  rendered  impervious  to  moisture, 
and  readily  receives  a  coating  of  plumbago,  is  thoroughly  well  brushed 
over  with  blacklead  until  the  entire  surface  is  perfectly  coated  with 
the  conducting  material.  The  model  is  next  connected  to  conducting 
wires,  assisted  by  g^ding  wires,  and  placed  in  a  sulphate  of  copper  bath, 
where  it  receives  a  deposit  of  about  one-sixteenth  of  an  inch  in  thick- 
ness, or  a  shell  sufficiently  stout  to  enable  it  to  retain  its  form  after 
the  inner  plaster  figure  has  been  removed,  which  is  effected  in  this 
way :  the  electrotype,  with  its  enclosed  model,  being  taken  out  of  the 
batii,  is  first  thoroughly  well  rinsed,  the  copper  shell  is  then  cut 
through  with  a  sharp  tool  at  suitable  places,  according  to  the  form  of 
the  original  figure,  by  which  these  various  parts,  with  their  guiding 
wires  attached,  become  separated  ;  the  plaster  figure  is  then  carefully 
broken  away,  and  all  parts  of  it  removed.  After  rinsing  in  hot  water, 
the  outer  surface  of  the  copper  **  formes  "  are  well  varnished  over  to 
prevent  them  from  receiving  the  copper  deposit  in  the  next  operation. 
The  formes  are  next  exposed  to  the  fumes  of  sulphide  of  hydrogen,  or 
dipped  in  a  weak  solution  of  sulphide  of  potassium  (liver  of  sulphur), 
to  prevent  the  adhesion  of  the  copper  deposit.  These  *'  formes,"  or 
parts  of  the  electrotjrpe  shell,  constitute  the  moulds  upon  which  the 
final  deposit,  or  electrotype  proper,  is  to  be  formed,  and  these  are  re- 
turned to  the  depositing  tank  and  filled  with  the  solution  of  sulphate 
of  copper,  anodes  of  pure  electrolytio  copper  being  suspended  in  each 
portion.  Deposition  is  then  allowed  to  take  place  until  the  interior 
parts  or  moulds  receive  a  coating  of  from  one-eighth  to  one-third  of 
an  inch  in  thickness.  The  various  pieces  are  then  removed  from  the 
bath,  and  after  well  rinsing  in  water,  the  outer  shell,  or  mould,  is 
carefully  stripped  off,  and  the  respective  parts  of  the  electrotype 
figure  are  afterwards  fixed  together  when  the  operation  is  complete. 

Jtenolr's  Proeass. — A  very  ingenious  method  of  electrotyping  large 
figures  was  devised  by  M.  Lenoir,  which  consists  in  first  taking  im- 
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preesions  in  gutta-percha  of  the  object  in  several  pieoee,  which  may 
afterwards  be  put  together  to  form  a  perfect  figure  ;  the  inner  sur- 
faces of  these  impressions,  or  parts  of  the  mould,  are  then  well  coated 
with  plumbago.  A  "dummy"  of  the  form  of  the  interior  of  the 
mould,  but  of  smaller  dimensions,  is  now  formed  of  platinum  wire,  to 
act  as  an  anode,  and  the  several  parts  of  theplumbagoedgpitta-peroha 
mould  axe  put  together  to  form  a  complete  mould  all  round  it.  The 
mould,  with  its  platinum  wire  core  (the  anode) — which  is  insulated 
from  metallic  contact  with  the  mould  by  a  covering  of  india-rubber 
thread — ^is  then  placed  vertically  in  the  bath,  weights  being  attached 
to  allow  the  mould  to  sink  into  the  solution.  The  platinum  anode 
and  the  plumbagoed  mould  are  then  put  in  circuit  and  deposition 
allowed  to  progress.  To  keep  up  the  strength  of  the  copper  solution 
within  the  mould,  in  the  absence  of  a  soluble  anode,  a  continual  flow 
of  fresh  copper  solution  is  allowed  to  enter  the  mould,  from  a  hole  at 
the  top  of  the  head,  which  makes  its  escape  through  holes  in  the  feet 
of  the  mould.  When  a  sufficiently  stout  deposit  is  obtained,  the 
flexible  wire  anode  is  withdrawn  through  the  aperture  in  the  head, 
after  which  the  various  portions  of  the  gutta-percha  mould  are  re- 
moved, and  the  seams  at  the  junctions  of  the  electrotype  are  cleared 
away  by  appropriate  tools. 

Dmpoaitkaa  of  Copper  on  Xron. — Since  iron  receives  the  copper 
deposit  from  acid  solutions  without  the  aid  of  a  separate  current,  and 
the  deposit  under  these  conditions  is  non-adherent,  it  is  the  practice 
to  give  a  preliminary  coating  of  copper  to  iron  objects  in  an  alkaline 
bath,  ordinary  cyanide  solutions  being  most  generally  adopted  for 
this  purpose.  Many  other  solutions  have,  however,  been  recom- 
mended, some  of  which  may  deserve  consideration.  In  any  case,  the 
iron  article  is  first  steeped  in  a  hot  potash  bath,  when  the  presence 
of  greasy  matter  is  suspected,  and  after  rinsing,  is  immersed  in  a 
pickle  of  dilute  sulphuric  acid,  ^  lb.  of  acid  to  eAsh  gallon  of  water. 
After  well  rinsing,  the  article  is  scoured  with  coarse  sand  and  water, 
applied  with  a  hard  brush,  and  after  again  rinsing,  is  immersed  in  the 
allcaUne  bath  until  perfectly  coated  with  a  film  of  copper.  It  is  then 
again  rinsed,  and  at  once  placed  in  a  sulphate  of  copper  bath,  where 
it  is  allowed  to  remain  imtil  a  sufficiently  stout  coating  of  copper  is 
obtained.  In  some  cases,  where  the  object  is  of  considerable  propor- 
tions, it  is  kept  in  motion  while  in  the  solution,  by  various  mechanical 
contrivances,  as  in  Wilde's  process,  to  be  referred  to  shortly. 

Copp«rins  mntUiff  BoUmts. — Many  attempts  have  been  made, 
daring  the  past  thirty  years  or  so,  to  substitute  for  the  costly  solid 
copper  sellers  used  in  calico-printing,  iron  roll^l^  coated  with  a  layer 
of  copper  by  electrolysis,  llio  early  efforts  were  conducted  with  the 
ordinary/voltaic  batteries,  but  the  cost  of  the  oleotricity  thus  obtained 
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was  far  too  great  to  admit  of  the  piooefls  being  practically  suooessfnl, 
while  at  the  same  time  the  operation  was  exceedingly  alow.  A  method 
which  was  partially  successful  consisted  in  depositing,  in  the  form  of 
a  flat  plate,  an  electrotype  bearing  the  design,  which  was  afterwards 
coiled  up  in  a  tubular  form,  and  connected  to  an  iron  cylinder  or  roller 
by  means  of  solder,  the  seam  being  afterwards  touched  up  by  the 
engrayer.  A  far  better  system,  however,  is  now  adopted,  which  is  in 
every  way  perfectly  successful ;  and  printing  rollers  are  produced  in 
large  quantities  by  electro-deposition  at  about  one-half  the  cost  of 
the  soEd  copper  article.  Before  describing  the  methods  by  which 
cast-iron  rollers  are  faced  with  copper  at  the  present  time,  it  may  be 
instructive  to  consider  briefly  some  of  the  means  that  have  been 
adopted  to  deposit  a  sufficient  thickness  of  copper  upon  a  oast-iron 
core  to  withstand  the  cutting  action  of  the  engraver's  tools. 

Beliliiinb«rg«r's  Froe«ss. — This  consists  in  depositing  copper  upon 
previously  well-cleaned  cast-iron  cylinders  by  means  of  the  **  single- 
cell  "  process.  The  solution  bath  consists  of  a  mixture  of  two  solu- 
tions composed  of  (i)  Sulphate  of  copper,  i  part;  sulphate  of  soda, 
2  parts ;  carbonate  of  soda,  4  parts ;  water,  16  parts.  (2)  Cyanide  of 
potassium,  3  ;  water,  12  parts.  The  interior  of  the  bath  is  surrounded 
by  porous  cells  containing  amalgfamated  zinc  bars  with  copper  wires 
attached,  and  dilute  sulphuric  acid.  The  solution  is  worked  at  a 
temperature  of  from  59"  to  65°  Fahr.,  and  the  iron  cylinder,  being 
put  ia  contact  with  the  zinc  elements,  remains  in  the  bath  for  twenty- 
four  hours,  at  the  expiration  of  which  time  it  is  removed,  well  washed, 
rubbed  with  pumice -powder,  ag^ain  washed  in  a  solution  of  sulphate 
of  copper  having  a  specific  gravity  of  i  *  161 ,  containing  ji^th  part  of  its 
volume  of  sulphuric  acid ;  scraps  of  copper  are  kept  in  the  bath,  to  sup- 
ply the  loss  of  copper,  and  prevent  the  liquid  becoming  too  acid.  The 
cylinder  is  then  returned  to  the  bath,  or  placed  in  a  mixture  composed 
of  the  following  two  solutions  :  (i)  Acetate  of  copper,  2  ;  sulphate  of 
soda,  2  ;  carbonate  of  soda,  4 ;  water,  16  parts.  (2)  Qyanide  of  po- 
tassium, 3  ;  liquid  ammonia,  3 ;  water,  lO  part^.  The  cylinders  are 
to  be  turned  round  once  a  day,  in  order  to  render  the  deposit  uniform, 
and  the  action  is  continued  during  three  or  four  weeks,  or  until  the 
deposit  is  ^th  of  an  inch  thick. 

Another  method  consists  in  first  coppering  the  well-cleaned  cast- 
iron  cylinder  in  an  ordinary  alTraliTift  coppering  bath,  and  then  trans- 
ferring it  to  an  acid  bath  of  sulphate  of  copper,  the  cylinder  in  each 
case  being  surrounded  by  a  hollow  cylinder  of  copper  for  the  anode  ; 
Uie  process  is  allowed  to  proceed  slowly,  in  order  to  obtain  a  good 
reguliue  coating,  and  when  this  is  obtained  of  sufficient  thickness  to 
bear  engraving  upon,  the  surface  is  rendered  smooth  by  turning  at 
the  lathe. 
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Vfeodneiiis  VrlnUns  BoUsrs  by  BlaeiMto-elMtrleity.  —  Wildest 
Process. — It  is  obvious  that  the  cloctrical  power  obtained  from  mag- 
neto and  dynamo -electric  machines  is  more  capable  of  depositing  econo- 
mically the  requisite  thickness  of  copper  upon  cast-iron  cylinders  to  form 
printing  rollers  than  could  be  expected  from  voltaic  electricity,  which 
necessarily  involves  the  solution  of  an  equivalent  of  zinc  and  the  con- 
sumption of  sulphuric  acid  to  deposit  a  given  weight  of  copper.  It 
is  well  known  that  deposition  takes  place  more  freely  upon  the  lower 
surfaces  of  the  cathode,  and  consequently,  when  the  deposited  metal 
is  of  any  considerable  thickness,  the  irregular,  surface  thus  produced 
is  often  a  source  of  great  trouble  to  the  electro -depositor  ;  in  the  case 
of  printing  rollers,  however,  in  which  a  perfectly  uniform  thickness 
of  the  deposit  is  absolutely  indispensable,  some  means  must  be  adopted 
to  render  the  deposit  as  uniform  as  possible  from  end  to  end  of  the 
cylinder.  To  accomplish  this,  Mr.  Henry  "Wilde,  of  Manchester, 
effected  an  arrangement  for  which  he  obtained  a  patent  in  1875, 
which  consists  in  **  giving  to  the  electrolyte  or  depositing  liquid  in 
which  the  roller  to  be  coated  is  immersed,  or  the  positive  and  nega- 
tive electrodes  themselves,  a  rapid  motion  of  rotation,  in  order  that 
fresh  particles  of  the  electrolyte  may  be  brought  successively  in  con- 
tact with  the  metallic  surfaces.  By  this, ' '  says  the  patentee,  *  *  powerful 
currents  of  electricity  may  be  brought  to  bear  upon  small  surfaces  of 
metal  without  detriment  to  the  quality  of  the  copper  deposited,  while 
the  rate  of  thd  deposit  is  greatly  accelerated. 

*'  Motion  may  be  communicated  to  the  electrolyte,  either  by  the 
rotation  of  the  electrodes  themselves,  or  when  the  latter  are  stationary, 
by  paddles  revolving  in  an  annular  space  between  them.  The  iron 
roller  to  be  coated  with  copper  is  moimted  on  an  axis,  the  lower  end 
of  which  is  insulated,  to  prevent  its  receiving  the  deposit  of  copper  at 
the  some  time  as  the  roller.  The  roller,  after  having  received  a  film 
deposit  of  copper  from  an  alkaline  solution  in  a  manner  well  under- 
stood, is  immersed  in  a  vertical  position  in  a  sulphate  solution  of 
copper,  and  a  motion  of  rotation  is  given  to  the  roller  or  rollers  by 
means  of  suitable  gearing.  The  positive  electrodes  are  copper  roUerF 
or  cylinders,  of  about  the  same  length  and  diameter  as  the  roller  to 
be  coated,  and  are  placed  parallel  with  it  in  the  sulphate  solution. 
The  electrical  contacts  are  made  near  the  upper  and  lower  extremities 
of  the  electrodes  respectively,  for  the  purpose  of  securing  uniformity 
in  the  thickness  of  the  deposit.  The  sulphate  solution  may  be  main- 
tained at  an  uniform  density,  from  the  top  to  the  bottom  of  the  bath, 
by  rotating  a  small  screw  propeller,  enclosed  in  a  tube  communicatiug 
with  the  liquid,  and  driven  by  the  same  gearing  that  imparts  motion 
to  the  roller." 

The  electric  current  employed  for  depositing  copper  by  the  above 


153  ELEGTBO-DBPOSITION   OF   OOPFEB. 

meihod  may  be  obtained  from  Wilde's  magneto -electric  machine, 
which  has  been  very  extensively  adopted  for  this  purpose,  or  from 
any  dynamo  electric  machine  capable  of  yielding  an  adequate  current. 
Mr.  Wilde  says,  in  the  specification  above  quoted,  *^  Although  I  have 
only  mentioned  cast-iron  as  the  metal  upon  which  the  copper  is 
deposited,  the  process  is  applicable  to  rollers  made  of  zinc  or  other 
metals,  and  their  alloys.  The  method  of  accelerating  the  rate  of  de- 
posit, by  giving  to  the  electrolyte,  or  to  the  electrodes,  a  motion  of 
rotation,  may  be  applied  to  the  electrolytic  method  of  refining  copper 
described  in  Mr.  J.  B.  Elkington*s  patent."  Mr.  Wilde's  system  of 
coppering  cast-iron  rollers  was  established  in  1878,  but  he  subse- 
quently disposed  of  his  patent  rights  to  the  Broughton  Copper 
Company,  who  carry  on  the  process  successfully,  and  have  extended 
it  to  the  coating  of  hydraulic  rams,  &c. 

Ooppoias  Oast  tton. — The  great  ptogrem  which  haa  been  made 
in  the  production  of  artistic  castings  in  iron  during  the  past  thirty 
years  or  so,  not  only  in  this  country,  but  on  the  Continent,  has  always 
created  a  desire  that  some  economical  and  reliable  method  of  coating 
such  work  with  copper  could  be  devised,  not  alone  to  preserve  the 
iron  from  atmospheric  influence,  but  also  to  enhance  the  beauty  of 
the  work  by  facing  it  with  a  superior  metal.  To  deposit  a  protective 
coating  of  copper  upon  large  pieces  of  cast  iron,  however,  has  gene- 
rally been  a  matter  of  considerable  difficulty,  owing  to  the  almost 
inevitable  presence  of  sand-holes  and  other  flaws  which,  even  when 
not  of  large  size,  are  often  of  sufficient  depth  to  retain  padddes  of 
silicious  or  other  matter  which  cannot  readily  be  dislodged  by  the 
ordinary  methods  of  pickling  and  scouring  ;  and  since  these  defective 
spots  do  not  receive  the  deposit  of  copper,  the  underlying  metal  must 
always  be  liaible  to  corrosion  at  sodh  parts,  when  subjected  to  the 
effects  of  moisture.  These  observations  are  chiefly  directed  to  the 
coppering  of  cast-iron  work  destined  to  be  exposed  to  the  vicissitudes 
of  the  weather,  as  street  lamp -posts,  for  example;  and  though  we 
have  not  yet  devoted  much  attention  to  this  branch  of  industry  in 
this  country,  it  has  received  a  good  deal  of  attention  in  France,  but 
more  especially  in  Paris.  To  overcome  the  difficulties  above  men- 
tioned, copper  is  not  deposited  direct  upon  the  iron,  as  will  be  seen 
below,  but  upon  a  coating  of  varnish,  rendered  conductive  by  the 
application  of  plumbago.  The  system  adopted  by  M.  Oudrey,  at 
his  works  at  Auteuil,  may  be  thus  briefly  described : — The  cast-iron 
object  IB  first  coated  all  over  with  a  varnish  composed  of  resinous 
matters  dissolved  in  benzol,  to  which  is  added  a  sufficient  quantity  of 
red  or  white  lead,  the  varnish  being  then  allowed  to  dry.  The  surfact^ 
thus  prepared  is  next  brushed  over  with  plumbago,  and  the  artide 
then  coated  with  coppar  in  the  ordinary  sulphate  bath  by  the  * '  single- 
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cell ''  method,  for  whtdh  very  large  porous  cells  are  employed^  In 
about  four  or  five  days  a  sufficiently  thick  coating  of  copper  is 
obtained,  when,  after  rinsing  and  drying,  a  bronzed  appearance  is 
given  to  the  work  by  the  application  of  a  solution  of  ammonio- 
ncetate  of  copper.  With  respect  to  this  process  M.  Fontaine  observes : 
*^  It  is  evident  that  a  coating  of  copper  so  deposited  can  be  x)os6es8ed 
of  no  other  solidity  than  its  own,  and  the  latter  is  entirely  dependent 
on  the  thickness  and  tenacity  of  the  deposit  M.  Oudry  was  accord- 
ingly led  to  effect  depositions  having  one-half  a  millimetre  on  ordimiry 
objects  and  one  millimetre  or  more  on  fine  works.  If  to  that  thick- 
ness is  added  those  of  a  layer  of  plumbago  and  three  layers  of  insu- 
lating coating  material,  it  will  be  readily  conceived  that  such  a  system 
of  coppering  is  only  suitable  in  the  case  of  very  large  objects.  In 
the  case  of  small  objects— such  as  a  bust,  for  example — the  nicety  of 
the  details  would  be  irretrievably  spoiled  by  these  five  layers,  and  it 
would  amoimt  to  sacrificing  to  too  great  an  extent  the  artistic  worth 
of  the  object  for  the  purpose  of  attaining  its  preservation.  It  is, 
nevertheless,  certain  that  this  process  has  really  become  a  branch  of 
industry,  and  that  it  is  the  first  one  which  has  been  applied  on  a  large 
scale.  All  the  lamp-posts  of  the  city  of  Paris,  the  beautiful  fountains 
of  the  Place  de  la  Concorde  and  of  ihe  Place  Louvois,  and  a  consider- 
able number  of  statues  and  bas-reliefs,  have  been  coppered  at  Auteuil, 
in  the  inventor's  factory."  It  appears  that  M.  Oudry' s  son  subse- 
quently modified  the  above  process  by  substituting  for  the  coatings 
of  paint  and  plumbago  an  immersion  of  the  oast-iron  objects  in  a 
thick  paint  composed  of  hot  oil  and  copper-dust  suspended  in  the 
liquid.  The  objects,  when  removed  from  this  bath,  are  first  dried  in 
an  oven  and  then  rubbed  with  a  wire-brush  and  copper  dust.  They 
are  afterwards  immersed  in  a  sulphate  of  copper  bath. 

It  is  obvious  that  in  either  of  the  above  processes  a  quantity  of 
copper  far  in  excess  of  what  would  be  required  as  a  protective  coating 
for  iron — provided  it  could  be  deposited  direct  upon  the  metal — must 
from  necessity  be  deposited  upon  the  plumbagoed,  or  copper-dusted 
surface  ;  and  it  is  also  clear  that  sruce  the  copper  represents  merely  a 
thin  shell  upon  the  surface,  that  a  very  moderate  amoimt  of  rough 
usage,  such  as  the  Parisian  gamiti  or  Loodon  street  Arab  could  inflict 
on  very  easy  terms,  by  the  simple  process  of  climbing  the  lamp -posts 
with  metal- tipped  boots,  would  quickly  break  this  *'  shell  *'  and  ex- 
pose the  underlying  layer  of  plumbagoed  varnish.  When  all  these 
objections  are  taken  into  consideration — the  partial  obliteration  of  the 
finer  details  of  the  object,  tlio  labour,  cost  of  material,  the  hngth  of 
time  required  to  complete  a  single  article  before  it  is  ready  to  be  placed 
in  position,  and  add  to  this  the  constant  liability  to  damage  from 
accident  or  mischief,  this  method  of  coppering  iron  does  not  appear  to 
have  much  to  reconmicnd  it. 
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Oold  Oosvmriim  flotntioii. — One  of  the  chief  reasons  why  alkaline 
coppering  solutions  seldom  work  Tigorously  when  used  at  the  ordinary 
temperature,  is  that  they  are  too  frequently  prepared  with  oheap  com- 
mercial cyanide,  containing  but  a  small  percentage  of  real  cyanide,  and 
consequently  overloaded  with  carbonate  of  potash,  a  salt  which  has  no 
solvent  action  on  the  anode,  and  is  of  little  or  no  service  in  the  copper- 
ing bath.  While  experimenting  in  this  direction  some  time  since,  wc 
found  that  a  g^ood  coppering  solution,  to  be  worked  in  the  cold,  could 
be  prepared  from  the  following  formula ;  but  it  is  essential  that  the 
cyanide  be  of  good  quality.  For  each  gallon  of  solution  required, 
3  ounces  of  chloride  of  copper  are  to  be  dissolved  in  about  a  pint  and 
a-half  of  cold  water  ;  12  ounces  of  soda  crystals  are  next  dissolved  in 
about  a  quart  of  water.  The  latter  solution  is  then  to  be  gradually 
added  to  the  chloride  of  copper  solution,  with  gentle  stirring  after  each 
addition,  until  the  whole  of  the  alkaline  liquid  has  been  added,  when 
the  resulting  carbonate  of  copper  is  allowed  to  settle.  After  an  hour  or 
so  the  supernatant  liquor  is  poured  off  and  fresh  water  added  to  wash 
the  precipitate,  which  is  again  allowed  to  subside  as  before,  the  wash- 
ings being  repeated  several  times,  and  the  precipitate  then  dissolved 
in  a  solution  of  cyanide  of  potassium  composed  of  six  ounces  of  the 
cyanide  dissolved  in  about  a  quart  of  water,  the  whole  being  well 
stirred  imtil  the  copper  salt  has  become  dissolved.  The  solution  thus 
formed  is  now  to  be  set  aside  for  several  hours  and  the  clear  liquor 
then  carefully  decanted  from  any  sediment  that  may  be  present ; 
water  is  then  added  to  make  up  one  gallon  of  bath.  This  solution 
will  coat  cast  or  wrought  iron  very  readily  with  a  current  from  two 
to  three  Daniells,  in  series,  and  may  be  used  to  give  a  preliminary 
coating  to  iron  work  which  is  to  be  afterwards  thickly  coppered  in  an 
ordinary  sulphate  bath.  The  anode  used  in  this,  and  all  other  alkaline 
coppering  baths,  should  be  of  pure  electrolytic  copper. 

OoFPevinff  8t««l  Wlro  for  Telegraphle  PnxpoMS. — It  had 
always  been  held  that  if  iron  wire  could  be  successfully  and  economi- 
cally coated  with  copper,  it  would  be  of  incalculable  service  in  tele- 
graphy ;  and,  indeed,  many  attempts  to  accomplish  this  were  made  at 
a  period  when  magneto  and  dynamo -electric  machines  were  unknown. 
It  soon  became  apparent,  however,  that,  independent  of  other  difficulties, 
the  object  could  never  be  practically  attained  by  means  of  the  voltaic 
battery.  Now  that  we  are  enabled  to  obtain  electricity  simply  at  the 
cost  of  motive  power,  that  which  was  impossible  thirty  years  ago  has 
been  to  some  extent  accomplished,  and  the  copi>ering  of  steel  wire  for 
telegraph  purposes  forms  an  extensive  branch  of  manufacture  in  con- 
nection with  one  of  the  telegraph  systems  of  America.  The  manu- 
facture of  **  compound  wire,"  as  it  is  called,  has  been  carried  out  on 
a  very  large  scale  at  Ansonia,  Connecticut,  by  the  Postal  Telegraph 
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Company,  who,  Profeeeor  Silliman,  of  Yale  College,  U.S.A.,  statos, 
ha,re  acquired  "the  largest  electro-plating  establishment  in  the 
world ;  yet  its  (capacity  is  soon  to  be  trebled.  The  works  are  em- 
ployed in  coppering  steel  wire  used  in  the  company*8  system  of 
telegraphy,  and  now  deposit  two  tons  of  pure  copper  per  day.  The 
steel  core  of  the  wire  gives  the  required  tensile  strength,  while  the 
copper  coating  gives  extraordinary  conducting  power,  reducing  the 
electrical  resistance  enormously.  The  compound  wire  consists  of  a 
steel  wire  core  weighing  2cx>  lbs.  to  the  mile,  and  having  a  tensile 
strength  of  1650  lbs.,  upon  which  copper  is  deposited,  by  dynamo- 
electricity,  of  any  required  thickness.  Twenty-five  large  dynamo 
machines  are  employed,  which  deposit  collectively  10,000  lbs.  of 
copper  per  day,  representing  20  miles  of  'compound  wire,'  carry- 
ing 500  lbs.  of  copper  to  the  nule.  When  the  works  are  completed, 
three  300  horse-power  engines  will  drive  dynamo  machines  for  sup- 
plying the  current  to  deposit  copper  upon  30  miles  of  wire  per  day. 
In  the  process  of  deposition  the  wire  is  drawn  slowly  over  spiral  coils, 
through  the  depositing  vats,  until  the  desired  thickness  is  obtained.** 
The  advantages  of  coppered  steel  wire  over  ordinary  galvanised  iron 
wire  for  telegraph  purposes  cannot  well  be  over-estimated,  and  if 
the  process  prove  as  successful  as  it  is  stated  to  be,  it  will  un- 
doubtedly be  a  great  electrolytic  achievement. 

Oopparlntf  Bolnttons. — In  preparing  alkaline  coppering  solutions, 
for  depositing  a  preliminary  coating  of  copper  upon  iron,  and  for 
other  purposes  of  electro-coppering,  either  of  the  formulse  for  brass- 
ing solutions  may  be  used,*  by  omitting  the  zinc  salt  and  doubling  the 
quantity  of  copper  salt ;  or  either  of  the  following  formulfie  may  be 
adopted.  As  a  rule,  copper  solutions  should  be  worked  hot,  say  at  a 
temperature  of  about  130°  Fahr.,  with  an  energetic  current,  especially 
for  cast-iron  work,  since  even  with  the  best  solution  deposition  is  but 
slow  when  these  solutions  are  worked  cold.  It  is  important  to  bear 
in  mind  in  making  up  copper  solutions — and  the  same  observation 
applies  with  at  least  equal  force  to  brassiag  solutions — that  commer- 
cial cyanide  of  potassium  is  largely  adulterated  with  an  excess  of  car- 
bonate of  potash,  and  unless  a  cyanide  of  known  good  quality  be 
employed,  the  solution  will  be  not  only  a  poor  conductor  of  the  cur- 
rent, but  the  anodes  will  fail  to  become  freely  dissolved,  whereby  the 
solution  will  soon  become  exhausted  of  a  greater  portion  of  its  metal 
in  the  process  of  deposition.  The  cyanide  to  be  used  for  making  up 
such  solutions  should  contain  at  least  75  per  cent,  of  real  cyanide. 

Solution  I. — Dissolve  8  oiuicea.of  sulphate  of  copper  in  about 
I  quart  of  hot  water ;  when  cold,  add  liquid  AmmnTtifl.  of  the  specific 
gravify  of  -880  gradually,  stirring  with  a  glass  rod  or  strip  of  wood 
S^ier  each  addition,  until  the  precipitate  which  ut  first  forms  becomes 


*  See  pp.  374  et  aeq. 
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re-diasolved ;  dilate  the  solution  by  adding  i  quart  of  cold  water. 
Sow  prepare  a  solution  of  cyanide  of  potassium  by  dissolving  about 
1}  lb.  of  the  salt  in  2  quarts  of  water,  and  add  this  gradually  to  the 
copper  solution,  with  stirring,  until  the  blue  colour  of  the  ammonlo- 
sulphate  entirely  disappears ;  finally  add  the  remainder  of  the  cyanide 
solution,  and  allow  the  mixture  to  rest  for  a  few  hours,  when  the 
clear  liquor  may  be  decanted  into  the  depositing  vessel  or  tank,  and 
is  then  ready  for  use.  This  solution  may  be  used  cold,  with  a 
strong  current,  but  it  is  preferable  to  work  it  at  about  1 10°  to  130* 
Fahr. 

Solution  2. — The  acetate  or  chloride  of  copper  may  be  used  instead 
of  the  sulphate  in  making  up  a  coppering  bath,  the  latter  salt  being 
pfeferable. 

Solution  3. — ^A  solution  prepared  as  follows  has  been  recommended  : 
I>1uhu1tu  cyanlfle  of  copper  in  a  solution  of  cyanide  of  potassium,  con- 
sisting of  2  pounds  of  cyanide  to  I  gallon  of  water,  then  adding  about 
4  ounces  more  of  the  salt  as  free  cyanide ;  the  solution  is  then  ready, 
and  should  be  worked  at  a  temperatiu'e  of  about  150°  Fahr.  Cyanide 
or  copper  is  not  freely  soluble  in  a  solution  of  cyanide  of  potassiunu 
and  the  liquid  does  not  readily  dissolve  the  anodes,  nor  is  it  a  good 
conductor.  It  has  also  a  tendency  to  evolve  hydrogen  at  the  cathode ; 
this,  however,  may  be  lessened  or  wholly  prevented  by  avoiding  the 
use  of  free  cyanide,  employing  a  weaker  current,  and  adding  liquid 
ammonia  and  oxide  of  copper.  From  our  own  experience,  the  addi- 
tion  of  liquid  ammonia  to  copper  solutions,  if  not  applied  in  the  first 
instance,  becomes  a  necessity  afterwards. 

Solution  4. — ^Boseleur  gives  the  following  formula  for  a  coppering 
solution :  20  parts  of  crystallised  acetate  of  copper  are  reduced  to  a 
powder,  and  formed  into  a  paste  with  water ;  to  this  is  added  20  parts 
of  soda  crystals,  dissolved  in  200  parts  of  water,  the  mixture  being 
well  stirred.  To  the  green  precipitate  thus  formed,  20  parts  of  bisul- 
phite of  sodium,  dissolved  in  200  parts  of  water,  are  added,  by  which 
the  precipitate  assumes  a  dirty  yellow  colour.  20  parts  of  pure  cyanide 
of  potassium,  dissolved  in  600  parts  of  water,  are  finally  added,  and 
the  whole  well  stirred  together.  If  the  solution  does  not  become 
colourless,  an  addition  of  cyanide  must  be  given.  It  is  said  that  this 
solution  may  be  worked  either  hot  or  cold,  with  a  moderately  strong 
current. 

Dk,  Slaner's  ftolntion. — In  the  preparation  of  this  solution,  i  part 
of  powdered  bitartrate  of  potassium  is  boiled  in  10  parts  of  water,  and 
as  much  recently  prepared  and  wet  hydrated  carbonate  of  copper, 
which  has  been  washed  with  cold  water,  stirred  with  it  as  the  above 
solution  will  dissolve.  The  dark  blue  liquid  thus  formed  is  next  fil- 
tered, and  af terwuiHls  rendered  still  more  alkaline  by  adding  a  small 
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quantity  of  carbonate  of  potash.    This  solution  is  stated  to  be  appli- 
cable to  coating  iron,  tin,  and  zinc  articles.* 

WalAim's  Copperiiiff  Bointioii. — ^This  solution,  to  be  employed 
for  coppering  iron,  consists  in  dissolving  cyanide  of  copper  in  a  solu- 
tion composed  of  equal  parts  of  cyanide  of  potassium  and  tartrate  of 
ammonia.  Oxide  of  copper  and  ammoniuret  of  copper  are  added  in 
sufficient  quantity  to  preyent  the  eyolution  of  hydrogen  at  the  surface 
of  the  work  during  deposition.  The  soluticm  is  worked  at  about  i8o° 
Fahr.  The  current  from  one  Smee  cell  may  be  used  with  this  solution. 
It  has  been  found  that  i^  ounce  of  copper  per  square  foot  will  pro- 
tect iron  from  rust. 

Another  process  of  Mr.  Walenn's  is  as  follows : — 

The  first  part  of  this  invention  ''relates  to  electro-depositing 
copper  upon  iron,  or  upon  similar  metals,  so  that  the  coating 
may  be  soft  and  adherent.  This  consists  in  using  the  solution  at 
a  boiling  heat,  or  near  thereto,  namely,  from  150°  Fahr.  to  the 
boiling  point  of  the  solution.  The  second  part  is  to  provent  the 
evaporation  of  a  solution  which  is  heated  during  deposition.  A 
cover,  with  a  long  condensing  worm  tube,  is  used  in  the  depositing 
bath ;  the  other  end  of  the  tube  opens  into  a  box  containing 
materials  to  condense  or  appropriate  the  gases  that  escape.  The 
liquids  flow  back  down  the  tube  into  the  tank.  The  third  part 
of  the  invention  consists  in  working  electro-depositing  solutions  in  a 
closed  vessel  under  known  pressure,  being  applied  by  heating  the 
solution  or  otherwise.  The  closed  vessel  may  be  used  for  solutions  in 
which  there  is  free  ammonia,  or  where  other  conditions  arise  in  which 
it  is  necessary  to  enclose  the  solution,  although  neither  appreciable 
increase  of  pressure  arises  nor  is  heat  applied.  If  thero  be  much  gas 
coming  ojf ,  the  condensing  tube,  opening  into  a  box  of  the  second 
part  of  the  improvements,  may  be  employed."  The  fourth  part  of  the 
invention  consists  in  adding  to  the  charged,  and  fully  made,  copper, 
brassing,  or  bronzing  solution,  oupric  ammonide  in  the  cold,  until  tlie 
solution  is  slightly  green. 

Chiimaolm'a  Frooaas. — ^A  bath  is  made  by  first  obtaining  a  solution 
of  chloride  of  copper,  the  metal  from  which  is  precipitated  in  the  form 
of  phosphate,  by  means  of  pyrophosphate  of  soda.  The  precipitate 
is  then  thoroughly  washed  until  all  traces  of  the  chloride  of  soda 
formed  have  been  removed  ;  the  phosphate  of  copper  is  next  dissolved 
in  a  solution  of  caustic  soda,  and,  if  necessary,  a  small  quantity  of 
liquid  ammonia  is  added  to  assist  the  solution  of  the  phosphate,  and 
to  render  the  deposit  brighter  and  moro  solid.  The  strength  of  the 
solution  must  be  regulated  according  to  the  strength  of  the  current 


*  J%e  Chemitt,  vol.  vii.  p.  124. 
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employed  in  the  deposition.  The  bath  may  bo  used  for  depoeituig 
upon  iron  or  other  metals. 

Well's  Oopp«rinip  riucsMaa. — (i.)  For  coating  large  objects,  as 
cast-iron  fountains,  lamp-posts,  &o.  M.  Weil's  patent  gives  the  fol- 
lowing process :  Dissolve  in  [,ooo  parts  of  water,  150  of  sodio- 
potassic  tartrate  (Bochelle  salt),  80  of  caustic  soda,  containing  from 
50  to  60  per  cent,  of  free  soda,  and  35  of  sulphate  of  copper.  Iron 
and  steel,  and  the  mellis  whose  oxides  are  insoluble  in  alkalies,  are 
not  corroded  in  this  solution.  The  iron  or  steel  articles  are  cleaned 
with  dilute  sulphuric  acid,  of  specific  gravity  1*074,  by  immersing 
them  in  that  liquid  from  five  to  twenty  minutes,  then  washing  with 
water,  and  finally  with  water  made  alkaline  by  soda.  They  are 
next  cleaned  with  the  scratch-brush,  again  washed,  and  then 
immersed  in  the  cupreous  bath,  in  contact  with  a  piece  of  zinc 
or  lead,  or  suspended  by  means  of  zinc  wires ;  the  latter  is  the 
most  economical  way.  The  articles  must  not  be  in  contact  with 
each  other.  They  thus  receive  a  strongly -adherent  coating  of  copper, 
which  increases  in  thickness  (within  certain  limits)  with  the  dura- 
tion of  immersion.  Pure  tin  does  not  become  coppered  by  contact 
with  zinc  in  this  solution ;  it  oxidises,  and  its  oxide  decomposes  the 
solution,  and  precipitates  red  sub-oxide  of  copper,  and  by  prolonged 
action,  all  the  copper  is  thus  removed  from  the  liquid.  The  iron 
articles  require  to  be  immersed  from  three  to  seventy-two  hours 
according  to  the  colour,  quality,  and  thickness  of  the  required  deposit. 
The  copper  solution  is  then  run  out  of  the  vat,  and  the  coated  articles 
washed  in  water,  then  cleaned  with  a  scratch-brush,  washed,  dried  in 
hot  sawdust,  and  lastiy  in  a  stove.  To  keep  the  bath  of  uniform 
strength,  the  liquid  is  renewed  from  below,  and  flows  away  in  a  small 
stream  at  the  top.  After  much  use,  the  exhausted  liquid  is  renewed 
by  precipitating  the  zinc  by  means  of  sulphide  of  sodium  (not  in 
excess),  and  re-charging  the  solution  with  cupric  sulphate.  Weil 
also  suppUes  to  the  bath  hydrated  oxide  of  copper. 

(2.)  A  coppering  bath  is  prepared  as  follows  :  35  parts  of  crystal- 
lised sulphate,  or  an  equivalent  of  any  other  salt  of  copper,  are 
precipitated  as  hydrated  oxide  by  means  of  caustic  soda  or  potash. 
The  oxide  of  copper  is  to  be  added  to  a  solution  of  150  parts  of 
Roohelle  salt,  and  dissolved  in  1,000  parts  of  water.  To  this,  60  parts 
of  caustic  soda,  of  about  70  per  cent.,  is  to  be  added,  when  a  clear 
solution  of  copper  will  be  obtained.  Other  alkaline  tartrates  may  be 
substituted  for  the  Bochelle  salt  above  mentioned,  or  even  tartaric  acid 
may  be  employed  ;  but  in  the  case  of  tartaric  add,  or  acid  tartrates, 
a  smaU  additional  quantity  of  caustic  alkali  must  be  added,  sufBlcient 
to  saturate  the  tartaric  acid  or  acid  tartrate.  Oxide  of  copper  may 
also  be  employed,  precipitated  by  means  of  a  hypochlorite,  but  in  all 
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cases  the  propoitions  between  the  copper  and  tartaric  acid  ahonld  be 
maintained  as  abbve,  and  it  is  advantageous  not  to  increase  to  any- 
notable  extent  the  proportion  of  the  caustic  soda. 

The  object  to  be  coppered  is  to  be  cleaned  with  a  scratch-brush  and 
then  placed  in  the  bath,  when  it  will  become  rapidly  coated  with  an 
adherent  film  of  metaUio  copper.  As  the  bath  gradually  loses  its 
copper,  oxide  of  copper  as  above  prepared  should  be  added  to  main- 
tain it  in  a  condition  of  activity,  but  the  quantity  of  copper  introduced 
should  never  exceed  that  above  prescribed,  as  compared  with  the 
quantity  of  tartaric  acid  the  bath  may  contain.  If  the  copper  notably 
exceeds  this  proportion,  certain  metallic  iridescences  are  produced  on 
the  surface  of  the  object.  These  effects  may  be  employed  for  orna- 
mental and  artistic  puzposes.  According  to  the  time  of  the  immersion, 
the  strength  of  the  current,  and  the  proportion  of  copper  to  the  tartaric 
add,  these  iridescences  may  be  produced  of  different  shades  and  tints, 
which  may  be  varied  or  intermingled  by  shielding  certain  parts  of  the 
object  by  a  coating  of  paraffin  or  varnish,  the  iridescent  effect  being 
produced  on  the  parts  left  exposed.  All  colours,  from  that  of  brass  to 
bronze,  scarlet,  blue,  and  green,  may  be  thus  produced  at  will. 

BXeetro-Btebins. — ^When  we  bear  in  mind  the  fact  that,  with  few 
exceptions,  the  anodes  employed  in  electrolytic  processes  become  dis- 
solved in  the  bath  during  electro-deposition,  it  is  evident  that  if 
certain  portions  of  an  anode  were  protected,  by  means  of  a  suitable 
varnish,  from  the  solvent  action  of  the  solution,  that  such  parts,  after 
the  plate  had  been  subjected  to  electro-chemical  action  in  the  bath, 
would,  on  removal  of  the  varnish,  appear  in  relief,  owing  to  the 
exposed  surfaces  having  been  reduced  in  substance  by  being  partially 
dissolved  in  the  solution.  Suppose  a  smooth  and  bright  plate  of  cop- 
per, for  instance,  were  to  have  a  design  sketched  upon  it  with  a 
suitable  varnish,  and  the  plate  then  connected  to  the  positive  electrode 
of  a  voltaic  battery  and  immersed  in  a  solution  of  sulphate  of  copper, 
a  cathode  of  the  same  metal  being  suspended  from  the  negative  elec- 
trode ;  if,  after  a  few  hours'  immersion,  the  plate  be  taken  from  the 
bath,  and  the  varnish  removed,  the  design  will  appear  in  bright  re- 
lief, while  the  unvarnished  parts  will  have  been  eaten  away,  or 
dissolved,  leaving  hollows  of  a  comparatively  dull  appearance ;  the 
design  now  forms  a  printing  surface,  from  which  copies  may  be  im- 
pressed upon  paper  in  the  usual  way. 

The  process  of  voltaic  etching  is  performed  in  various  ways,  but  the 
following  will  explain  the  general  principle  upon  which  the  art  is  con- 
ducted. A  copper  wire  is  first  soldered  to  the  plate,  and  the  back  is 
then  coated  with  a  tough  varnish  ;  when  this  is  dry,  the  face  of  the 
plate  is  coated  with  engraver ^s  *'  etching-groimd,"  a  composition  of 
beeswax  5  parts,  linseed  oil  i  part,  melted  together  ;   it  is  sometimes 
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the  practice  to  jwioke  the  surface,  before  applying  the  etching'  needle, 
in  order  to  render  its  tracings  more  visible.  The  detdgn  is  then 
drawn  upon  the  face  of  the  plate,  catting  through  to  the  clean  surface 
of  the  copper.  When  the  etching  is  complete,  the  plate  is  made  the 
anode  in  a  sulphate  of  copper  bath,  while  a  plate  of  copper  is  im- 
mersed as  the  cathode.  The  electric  current,  passing  out  of  the 
engraved  lines,  causes  the  copper  to  be  dissolved  from  them,  whereby 
they  become  etched,  much  in  the  same  way,  and  with  the  same  effect, 
as  when  aoid  is  used  in  the  ordinary  etching  process.  The  required 
gradations  of  light  and  shade  are  produced  by  suspending  cathodes 
of  different  forms  and  sizes  opposite  the  plate  to  be  etched,  in  various 
positions,  and  at  different  distances  from  it,  thus  causing  the  plate  to 
be  acted  upon  in  unequal  depths  in  different  parts,  the  deepest  action 
being  always  at  those  portions  of  the  electrodes  which  are  nearest 
to  each  other. 
Instead  of  using  wax,  or  other  etching-g^round,  as  an  insulating 

material,  the  plate  may  be  coated  with  a  film  of  some  metal  which 
will  not  be  dissolved  in  the  bath.  For  example,  the  plate  may  be  first 
strongly  gilt  by  electro-deposition,  and  the  design  then  produced  by 
means  of  a  graver,  the  tool  cutting  just  sufficiently  deep  to  expose  the 
copper ;  if  now  the  plate  be  used  as  an  anode,  the  copper  will  become 
dissolved,  as  before,  leaving  the  gilt  surface  unacted  upon,  since  the 
sulphuric  acid  set  free  during  the  voltaic  action  has  no  effect  upon  gold. 

Again,  the  design  may  be  made  with  lithographic  ink  or  varnish, 
and  the  exposed  parts  of  the  plate  then  strongly  gilt ;  if,  thereafter, 
the  varnish,  or  other  insulating  material  be  cleaned  off  the  plate,  the 
voltaic  etching  will  follow  the  ungilt  portions,  causing  them  to  be- 
come hollowed  out  as  before. 

The  baths  used  for  etching  by  electrolysis  should  be  composed  of  the 
same  metal  as  that  to  be  etched ;  thus,  a  sulphate  of  copper  bath  is 
employed  for  etching  copper  plates,  sulphate  of  zinc  for  zinc  plates, 
and  gold  or  silver  solutions  when  their  metals  are  to  be  treated  in  the 
same  way.  Copper  and  zinc  plates,  however,  may  be  etched  by 
means  of  the  voltaic  battery,  in  dilute  solutions  of  nitric,  sulphuric, 
hydrochloric,  or  acetic  acid,  a  process  which  is  said  to  be  coming  very 
much  into  practice. 

Olirpbograpliy. — ^This  process  was  invented  by  Mr.  £.  Palmer,  and 
consists  in  first  staining  copper  plate  black  on  one  side,  over  which  a 
very  thin  layer  of  a  whit^  opaque  composition,  resembling  white  wax, 
is  spread.  The  plate  is  then  drawn  upon  with  various  etching  needles 
in  the  usual  way,  which  remove  portions  of  the  white  composition,  by 
which  the  blackened  surface  becomes  exposed,  forming  a  strong  con- 
trast to  the  surrounding  white  ground.  When  the  drawing  is  com- 
plete, it  is  carefully  inspected,  and  then  pasijes  into  a  third  person's 
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hands,  **  by  whom  it  is  brought  in  contact  with  a  substance  having  a 
chemical  afiSnity  for  the  remaining  portions  of  the  composition,  by 
whom  they  are  heightened,  ad  libtium.  Thus,  by  careful  manipula- 
tion, the  lights  of  the  drawing  become  thickened  all  over  the  plate 
equally.  .  .  .  The  depths  of  these  non-printing  parts  of  the  block 
must  be  in  some  degree  proportionate  to  their  width  ;  consequently 
the  larger  breadths  of  lights  require  to  be  thickened  on  the  plate  to  a 
much  greater  extent.  It  is  indispensably  necessary  that  the  printing 
surfaces  of  the  block  prepared  for  the  press  should  project  in  such 
relief  from  the  block  itself  as  shall  prevent  the  inking  roUer  touch- 
ing the  interstices ;  this  is  accomplished  in  wood  engraving  by  cutting 
out  these  intervening  parts,  which  form  the  lights  of  the  print,  to  a 
sufficient  depth ;  but  in  glyphog^phy  the  depth  of  these  parts  is 
formed  by  the  remaining  portions  of  the  white  composition  on  the  plate, 
analogous  to  the  thickness  or  height  of  which  must  be  the  depth  on  the 
block,  seeing  that  the  latter  is  in  fact  a  cast  or  reverse  of  the  former.*' 
The  plate,  thus  prepared,  is  weU  plumbagoed  all  over,  and  is  then 
placed  in  a  sulphate  of  copper  bath,  and  a  deposit  of  sufficient  thick- 
ness obtained,  which,  on  being  separated,  will  be  found  to  be  a  perfect 
cast  of  the  drawing  which  formed  the  cliche.  The  metallic  plate  thus 
obtained  is  afterwards  backed  up  with  solder  and  mounted  in  the 
same  way  as  a  stereotype  plate,  and  is  then  ready  for  the  printing  press. 

MaVtng  Oopp«r  asoulds  1»y  Slaetrolysli. — ^A  drawing  is  made 
upon  a  varnished  copper  plate,  as  before  described ;  the  plate  is  then 
dipped  into  a  weak  **  quicking  "  solution,  and  then  laid  upon  a.  flat 
and  level  surface.  The  mercury  attacks  the  surfaces  exposed  by  the 
graver  or  etching  needle,  and  takes  the  meniscus^  or  curved  form,  that 
is,  the  relief  is  greater  as  the  etching  lines  are  larger ;  the  drawing, 
therefore,  is  reproduced  in  relief  by  the  mercury.  The  plate  is  next 
covered  with  a  thin  paste  of  plaster  of  Paris,  and  when  this  has 
set,  the  two  moulds  are  to  be  separated.  A  counter  mould  may 
now  be  taken  from  this,  or  it  may  be  prepared  in  the  usual  way, 
and,  after  being  weU  plumbagoed,  receive  a  deposit  of  copper.  By 
the  following  plan  a  mould  is  produced,  which  is  at  once  ready 
for  the  bath.  A  copper  plate  is  varnished  and  etched  as  before.  A 
neutral  solution  of  chloride  of  zinc  is  then  poured  upon  the  plate,  and 
after  this  a  quantity  of  fusible  metal,  which  melts  at  from  175"  to 
212**  Fahr.  The  flowing  of  the  fusible  metal  over  the  surface  of  the 
plate  is  aided  by  the  application  of  a  spirit-lamp  held  beneath  the 
plate,  or  by  spreading  the  metal  over  the  surface  with  a  hot  iron  rod. 
The  mould  thus  obtained  may  then  be  reproduced  by  the  ordinary 
electrotype  process. 

MaMwg  Btootroiyv  Flatas  tmoL  Brawings. — This  invention 
relates  to  an  improved  process  of  forming  matrices  of  designs  for  the 
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production  of  electrotype  plates  directly  by  the  hand  of  the  artist  or 
deoigner,  in  which  the  design  is  produced  by  means  of  a  pointed  tool 
upon  a  thin  sheet  of  soft  metal  supported  upon  a  peculiar  backing  of 
semi -plastic  inelastic  material  of  sufficient  body  or  consistence  to  sup- 
port the  metal  without  pressure,  but  sufficiently  yielding  to  give  to 
the  slightest  touch  of  the  artist,  and  allow  the  material  to  be  depressed 
under  the  tool  for  the  formation  of  the  lines  of  design.  In  carrying 
out  this  inTention  a  mixture  is  made  of  plaster  of  Paris  i  lb.,  chro- 
mate  of  potassa  ^  oz.,  and  conmion  salt,  I  oz.,  which  forms  a  com- 
pound tliat  will  give  the  most  delicate  touch  of  the  artist,  and  will 
allow  the  finest  lines  to  be  produced  upon  the  metal  by  the  tool. 
These  ingredients  may  be  mixed  in  various  proportions,  which  will 
depend  somewhat  upon  the  boldness  or  delicacy  of  the  design  to  be 
produced.  The  mixture  may  be  brought  to  a  semi-plastic  state  by 
the  addition  of  about  i  pint  of  water,  or  sufficient  to  bring  it  to  the 
proper  consistence,  and  the  plasticity  of  the  compound  DMiy  be  modi- 
fied to  suit  various  requirements  by  using  more  or  less  water.  The 
semi-plastic  composition  is  moulded  or  otherwise  formed  into  a  flat 
tablet  of  suitable  size,  and  a  sheet  of  soft  metal  is  carefully  secured  on 
the  upper  face  of  same,  projecting  edges  being  left,  which  are  after- 
wards turned  down  over  the  sides  of  the  tablet.  The  metal  is  then 
ready  for  the  artist,  who,  with  a  pointed  tool  or  tools,  produces  the 
required  design  by  indenting  the  lines  thereon.  "Wherever  touched  by 
the  tool  the  metal  will  be  depressed  into  the  backing,  which  has  just 
sufficient  body  to  support  the  untouched  parts,  but  yields  to  the 
slightest  pressure  of  the  tool.  When  the  design  is  finished,  the 
metal  is  carefully  removed  from  the  backing,  having  the  design  in 
relief  on  one  side  and  in  intaglio  on  the  other,  and  is  ready  for  the 
production  of  the  electrotype  plate  in  the  ordinary  way,  which  may 
be  taken  from  either  side,  as  circumstances  require. 

Copperins  Steel  Bitot.— The  electro-dejiosition  of  copper  is  being 
extensively  applied  by  the  Nickel  Plating  Company,  Greek  Street, 
Soho,  London,  to  the  coating  of  large  and  small  steel  shot  with  copper 
for  the  Nordenfelt  gun. 

Oopperlns  ITotes. — i.  In  preparing  cast-iron  work  for  electro- 
coppering,  after  the  pieces  have  been  pickled  and  scoured,  they  should 
be  carefully  examined  for  sand-holes,  and  if  any  such  cavities  appear 
upon  the  work,  they  must  be  well  cleared  from  bla<ik  or  dirty  matter, 
wliich  may  have  escaped  the  brushing,  by  means  of  a  steel  point.  It 
nmst  always  be  borne  in  mind  that  copper,  and  indeed  all  other  metals, 
refuse  to  deposit  upon  dirt.  After  having  cleared  out  the  objectionable 
matter  from  the  sand-holes,  and  again  well  brushed  the  artic^le  with 
sand  and  water,  it  is  a  good  plan  to  give  tho  piece  a  slight  coating  of 
copper  in  the  alkaline  bath,  and  then  to  uxaniino  it  again,  when  if 
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any  oavitiefi  show  signs  of  being  foul,  they  must  be  cleared  with  the 
steel  point  as  before.  The  article  should  then  have  a  final  brushing 
-with  moist  sand,  and  after  well  rinsing  be  placed  in  the  alkaline 
coppering  bath  and  aUowed  to  remain,  with  an  occasional  shifting  of 
position,  until  sufficientlj  coated.  If  the  piece  of  work  is  required  to 
have  a  stout  coating  of  copper,  it  should  receiye  only  a  moderate 
deposit  in  the  cyanide  bath,  and  after  being  well  rinsed  suspended  in 
the  sulphate  of  copper,  or  acid  bath,  as  it  is  sometimes  termed,  and 
allowed  to  remain  therein  until  the  desired  coating  is  obtained.  To 
secure  an  uniform  deposit,  however,  the  object  should  be  occasionally 
shifted  while  in  the  bath,  except  when  mechanical  motion  is  applied, 
as  in  coppering  iron  rollers  and  other  similar  work. 

2.  Respecting  the  working  of  copper  solutions,  Gore  makes  the 
following  observations :  '*  If  the  current  is  too  great  in  relation  to 
the  amount  of  receiving  surface,  the  metal  is  set  free  as  a  brown  or 
nearly  black  metallic  powder,  and  hydrogen  gas  may  even  be  deposited 
with  it  and  evolved.  In  the  sulphate  solution,  if  the  liquid  is  too 
dense,  streaks  are  apt  to  be  formed  upon  the  receiving  surface,  and 
the  article  (especially  if  a  tall  one)  will  receive  a  thick  deposit  at  its 
lower  part,  and  a  thin  one  at  the  upper  pcMlion,  or  even  have  the 
deposit  on  the  upper  end  redissolved.  If  there  is  too  little  water, 
crystals  of  sulphate  of  copper  form  upon  the  anode,  and  sometimes 
even  upon  the  cathode,  at  its  lower  part,  and  also  at  the  bottom  of 
the  vessel.  If  there  is  too  much  acid  the  anode  is  corroded  whilst 
the  current  is  not  passing.  The  presence  of  a  trace  of  bisulphide  of 
carbon  in  the  sulphate  solution  will  make  the  deposit  brittie,  and  this 
continues  for  some  time,  although  the  solution  is  continually  deposit- 
ing copper ;  in  the  presence  of  this  substance  the  anode  becomes  black, 
but  if  there  is  also  a  great  excess  of  acid,  it  becomes  extremely  bright. 
Solutions  of  cupric  sulphate,  containing  sulphate  of  potassium,  and 
the  bisulphide  of  carbon  applied  to  them,  are  sometimes  employed  for 
depositing  copper  in  a  bright  condition.  The  copper  obtained  from 
the  usual  double  cyanide  of  copper  and  potassium  solution,  by  a  weak 
current,  is  of  a  dull  aspect,  but  with  a  strong  current  it  is  bright." 
For  depositing  copper  from  alkaline  solutions,  we  prefer  the  Bunsen 
battery  to  all  others. 

3.  The  anodes  used  in  electrotyping,  as  also  those  employed  for  depo- 
siting copper  generally,  should  consist  of  pure  electrolytic  copper,  in 
preference  to  the  ordinary  sheet  metal,  which  invariably  contains 
small  traces  of  arsenic  and  other  metals,  which  are  known  to  diminish 
its  conductivity  considerably.  Clippings  and  other  fragments  of  cop- 
per from  elcctrotjrpes  n^y  be  used  up  as  anodes,  either  by  suspending 
tiiem  in  a  platinimi-wire  cradle  or  in  a  canvas  bag,  the  fragmenb: 
being  put  in  connection  with  the  poaitive  electrode  of  the  battery  by 
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meanB  of  a  stout  rod  or  strip  of  copper.  Hiese  make-shift  anodea, 
however,  should  be  used  for  thickening  the  deposit  (if  an  eleotiotype) 
after  the  mould  is  completely  coated  with  copper,  and  not  in  the  earlier 
stage  of  the  process. 

4.  When  it  is  desired  to  obtain  an  electroiype  of  considerable  thick- 
ness, this  may  be  hastened  in  the  following  way :  After  the  complete 
shell  is  obtained,  clean  copper  filings  are  to  be  sifted  oyer  the  surface, 
and  deposition  allowed  to  proceed  as  usual,  when  the  newly  deposited 
metal  will  unite  with  the  copper  filings  and  the  original  shell,  and 
thus  increase  the  thickness  of  the  electrotype.  By  repeated  additions 
of  copper  filingps,  followed  by  further  deposition  of  copper,  the  back 
of  the  electroty})e  may  be  strengthened  to  any  desired  extent. 

5.  For  coating  with  copper  non-conducting  substances,  such  as 
china  or  porcelain,  the  following  process  has  been  adopted  in  France  : 
Sulphur  is  dissolved  in  oil  of  spike  lavender  to  a  sirupy  consistence,  to 
which  is  added  either  chloride  of  gold  or  chloride  of  platinum,  dissolved 
in  other,  the  two  liquids  being  mixed  under  gpentle  heat.  The  com- 
pound is  next  evaporated  until  it  is  of  the  consistency  of  ordinary 
paint,  in  which  condition  it  is  applied  with  a  brush  to  such  parts  of  a 
china  or  porcelain  article  as  it  is  desired  to  coat  with  copper ;  the 
article  is  afterwards  baked  in  the  usual  way,  after  which  it  is  immci*sed 
and  coated  with  copper  in  the  ordinary  sulphate  bath. 


CHAPTER  IX. 
DEPOSITION  OF   GOLD   BY  SIMPLE  IMMERSION. 

Prepartion  of  Chloride  of  fJold.— Water  Gilding.— Gilding  by  Immersion  in 
a  Solution  of  Chloride  of  Gold. — Gilding  by  Immersion  in  an  Ethereal 
Solution  of  Gold. — Solution  for  Gilding  Brass  and  Copper. — Solution 
for  Gilding  Silver. — Solution  for  (Hiding  Bronze.— French  Gilding  for 
Cheap  Jewellery.— Colouring  Gilt  Work. — Gilding  Silver  by  Dipping, 
or  Simple  Immersion.— Preparation  of  the  Work  for  Gilding. — Gilding 
by  Contact  with  Zinc,  Steele's  Proces.4. — Gilding  with  the  Rag. 

nr^panttton  of  GblOKidm  of  Oold. — Since  for  all  gilding  purpofles 
by  ihe  wet  way^  an  we  may  term  it  in  contradistinction  to  the  process 
of  mercury  g^ding,  thlA  metal  requires  to  be  brought  to  the  state  of 
tolutioHt  it  will  be  well  to  explain  the  method  of  preparing  the  salt 
of  gold  commonly  known  as  the  chloride  of  gold,  but  which  is,  strictly 
speaking,  a  terehhride  of  the  metal,  since  it  contains  three  equivalents 
of  chlorine.  The  most  convenient  way  of  dissolving  the  precious 
metal  is  to  carefully  place  the  required  quantity  in  a  glass  flask,  such 
as  is  shown  in  Fig.  70,  and  to  pour  upon  it  a  mixture  consisting  of 
about  2  parts  of  hydrochloric  acid  and  i  part 
nitric  acid  hy  meamre.  This  mixture  of  acids  was 
called  aqtta  reyia  by  the  ancients  because  it  had 
the  power  of  dissolving  the  king  of  metals — grold. 
To  dissolve  i  ounce  of  gold  (troy  weight)  about 
4  ounces  of  aqua  regia  will  be  required,  but  this 
will  depend  upon  the  strength  of  the  commercial 
acids.  Soon  after  the  mixed  acids  have  been 
poured  on  the  gfold,  gas  is  evolved,  and  the 
chemical  action  may  be  accelerated  by  placing 
the  flask  upon  a  sand-bath  moderately  heated. 
It  is  always  advisable,  when  dissolving  this  or 
other  metal,  in  order  to  avoid  excess  of  acid.  Fig.  70. 

to  apply  less  of  the  solvent  than  the  maximum 
quantify  in  the  first  instance,  and,  when  the  chemical  action  has 
ceased,  to  pour  off  the  dissolved  metal  and  then  add  a  further  portion 
of  the  solvent  to  the  remainder  of  the  undissolved  metal,  and  so  on 
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until  the  entire  quantity  is  dissolved  without  any  appreciable  excess 
of  acid,  after  which  the  various  solutions  are  to  be  mixed  together. 

The  solution  of  chloride  of  gold  is  to  be  carefully  poured  into  a 
porcelain  evaporating  dish*  (Fig.  71),  and  this,  placed  on  a  sand-bath 
or  otherwise,  gently  heated  until  nearly  all  the  acid  is  expelled,  when 
the  solution  will  assume  a  reddish  hue.  At  this  period  the  author 
prefers  to  move  the  evaporating  dish  round  and  round  gently  so  as  to 
spread  the  solution  over  a  large  surface  of  the  interior  of  the  vessel ; 

in  this  way  the  evaporation  of  the  acid  is  hastened 
considerably.  When  the  solution  assumes  a  blood- 
red  colour  the  dish  should  be  gently,  but  repeatedly, 
moved  about  as  before  until  the  semi-fluid  mass — 
Fig.  71.  which  gradually  becomes  deeper  in  colour  and  more 

dense  in  substance — ceases  tojfow.  Towards  the  end 
of  the  operation  the  last  remaining  fluid  portion  flows  torpidly,  like 
molten  metal,  until  it  finally  ceases  altogether,  at  which  moment  the 
dish  should  be  removed  from  the  sand-bath  and  allowed  to  cool.  It 
is  necessary  to  mention  that  if  too  much  heat  be  applied  when  the 
solution  has  acquired  the  blood-red  colour  the  gold  will  quickly  become 
reduced  to  the  metallic  state.  If  such  an  accident  should  occur  the 
reduced  metal,  after  dissolving  out  the  chloride  with  distilled  water, 
must  be  treated  with  a  little  aqua  regia^  which  will  again  dissolve  it. 

The  red  mass  resulting  from  the  above  operation  (if  properly  con- 
ducted) is  next  to  be  dissolved  in  distilled  water,  in  which  it  is  readily 
soluble,  and  should  form  a  perfectly  clear  and  bright  solution  of  a 
brownish-yellow  colour.  If,  on  the  other  hand,  the  evaporation  has 
not  been  carried  to  an  extent  sufficient  to  expel  all  the  acid  the  solu- 
tion will  be  of  a  pure  yellow  colour.  It  invariably  happens,  after 
the  chloride  of  gold  is  dissolved  in  water,  that  a  white  deposit  re- 
mains at  the  bottom  of  the  evaporating  dish — this  is  chloride  of  silver, 
resulting  from  a  trace  of  that  metal  having  been  present  in  the  gold. 

Watar-Oildiiis. — Previous  to  the  discovery  of  the  electrotype  pro- 
cess and  the  kindred  arts  of  electro-gilding  and  silvering  to  which  it 
gave  rise,  a  process  was  patented  by  Mr.  G.  R.  EUdngton  for  gilding 
metals  by  the  process  of  simple  immersion  or  *' dipping,  ^^  and  this 
process,  which  acquired  tlie  name  of  water 'gilding,  was  carried  on  by 
Messrs.  Elkington  at  Birmingham  for  a  f^'^nsitlerable  time  with  snooess 
for  a  certain  class  of  cheap  jewellery.  The  solution  was  prepared  as 
follows:  A  strong  solution  of  chloride  of  gold  was  first  obtained,  to 
which  aeid  carbonate  of  potash  was  added  in  the  proportion  of  i  part  of 
gold,  in  the  form  of  chloride,  to  3 1  parts  of  the  acid  carbonate  ;  to  this 
mixture  was  added  30  parts  more  of  the  latter  salt  previously  dis- 


*  Evaporating  dishes  made  from  Berlin  porcelain  are  the  bent  for  this 
purpose,  siDCA  thev  are  not  liable  to  'track  when  heatod. 
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flolved  in  200  parts  of  water.  The  mixture  was  then  boiled  for  two 
hours,  during  which  period  the  solution,  at  first  yellow,  assumed  a 
green  colour,  when  it  was  complete.  To  apply  the  above  solution  the 
metal  articles,  of  brass  or  copper,  are  first  well  cleaned  and  then 
immersed  in  the  solution,  which  must  be  hot,  for  about  half  a  minute. 
Articles  of  sUver  or  German -silver  to  be  gilt  in  this  solution  must  be 
placed  in  contact  with  either  a  copper  or  zinc  wire. 

Olldliis  1»y  XmnMnlon  In  a  Solutloii  of  tbe  Cliloride  of  Gold. 
— ^Articles  of  steel,  silver,  copper,  and  some  other  of  the  baser  metals, 
may  be  gUt  by  simply  immersing  thom  in  a  weak  solution  of  the 
chloride  of  gold ;  this  is,  however,  more  interesting  as  a  fact  than  of 
any  practical  value. 

CMldlns  1»y  TmnKwnrtoB  In  an  Btli«real  Solution  of  Oold. — 
Chloride  of  gold  is  soluble  in  alcohol  and  in  ether.  The  latter  solu- 
tion may  be  obtained  by  agitating  a  solution  of  gold  with  ether,  after 
which  the  mixture  separates  into  two  portions ;  the  upper  stratum, 
which  is  of  a  yellow  colour,  is  an  ethereal  solution  of  chloride  of 
gold,  while  the  lower  stratum  is  merely  water  and  a  little  hydrochloric 
acid.  Steel  articles  dipped  in  the  ethereal  solution  become  instantly 
covered  with  gold,  and,  at  one  time,  this  method  of  g^ding  steel  was 
much  employed  for  delicate  surgical  instruments,  as  also  for  the  orna- 
mentation of  other  articles  of  steel.  After  being  applied,  the  ether 
speedily  evaporates,  leaving  a  film  of  gold  upon  the  object.  If 
the  ethereal  solution  be  applied  with  a  camel-hair  brush  or  quill  pen, 
initials  or  other  designs  in  g^ld  may  be  traced  upon  plain  steel 
surfaces.  Or,  if  certain  portions  of  a  steel  object  be  protected  by 
wax  or  varnish,  leaving  the  bare  metal  in  the  form  of  a  design,  the 
ethereal  solution  may  then  be  applied  to  the  exposed  surfaces,  which 
will  appear  in  gold  when  the  wax  or  varnish  is  dissolved  or  otherwise 
cleared  away.  Various  ways  of  applying  this  solution  for  the  orna- 
mentation of  steei  will  naturally  occur  to  those  who  may  be  desirous 
of  utilising  it. 

Bolntlon  Ibr  CMldlns  Brafls  and  Oovp«r. — The  following  formula 
has  been  adopted  for  ^'water-gilding  "  as  it  is  termed : — 

Fine  gold 6}  dwts. 

Convert  the  gold  into  chloride,  as  before,  and  dissolve  it  in  i  quart  of 
distilled  water,  then  add 

Bicarbonate  of  potassa  .  .        .        i  lb. 

and  boil  the  mixture  for  two  hours.  Immerse  the  articles  to  be  gilt 
in  the  worm  solution  for  a  few  seconds  up  to  one  minute  according  to 
the  activity  of  the  bath. 

861ntlon  Ibr  CHldlns  Sllvar. — Dissolve  equal  parts,  by  weight,  of 
bichloride  of  mercury  (corrosive  subUmate)  and  chloride  of  ammonium 
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(flal-ammoniao),  in  mtrio  aoid ;  now  add  some  grain  gold  to  the  mixtore 
and  evaporate  tiie  liquid  to  half  its  bulk ;  apply  it,  whilst  hot,  to  the 
surface  of  the  silver  article. 

■otatlon  fbr  CMldins  Bvons^,  Sto, — ^A  preparatory  film  of  gold 
may  be  given  to  large  bronze  articles  that  are  to  be  fully  gplt  by  either 
of  the  prooesses  hereafter  described,  or  small  articles  of  *< cheap" 
work  may  be  g^t  by  immersing  them  in  the  following  solution,  which 
must  be  used  at  nearly  boiling  heat : — 

Caustic  potash  x8o  parts 

Carbonate  of  potash       ...  20    „ 

Cyanide  of  potassium     ...  9    „ 

Water 1,000    „ 

Bather  more  than  1}  part  of  chloride  of  g^ld  is  to  be  dissolved  in 
the  water,  when  the  other  substances  are  to  be  added  and  the  whole 
boiled  together.  The  solution  requires  to  be  strengthened  from  time 
to  time  by  the  addition  of  chloride  of  gold,  and  also,  after  being 
worked  four  or  five  times,  by  additions  of  the  other  salts  in  the  pro- 
portions gfiven.  This  bath  is  recommended  chiefly  for  g^ding, 
economically,  small  articles  of  cheap  jewellery,  and  for  giving  a  pre- 
liminary coating  of  gold  to  large  articles,  such  as  bronzes,  which  are 
to  receive  a  strongfer  coating  in  the  pyrophosphate  bath  described 
further  on,  or  in  cyanide  solutions  by  aid  of  the  battery.  In  this 
bath  articles  readily  receive  a  light  coating  of  gold,  and  it  will  con- 
tinue to  work  for  a  very  long  period  by  simply  adding,  from  time  to 
time  as  required,  the  proper  proportions  of  gold  and  the  other  sub- 
stances comprised  in  the  formula.  By  keeping  the  bath  in  proper 
order  a  very  larg^  number  of  small  articles  may  be  gilt  in  it  at  the 
expense  of  a  very  small  proportion  of  gold. 

Another  method  of  gilding  by  simple  immersion,  applicable  to  brass 
and  copper  articles,  is  to  first  dip  them  in  a  solution  of  proto- 
nitrate  of  mercury  (made  by  dissolving  quicksilver  in  nitric  acid 
and  diluting  with  water),  and  then  dipping  them  into  the  gilding 
liquid — ^this  plan  being  sometimes  adopted  for  largfe  articles.  It  is 
said  that  copper  may  be  gilded  so  perfectly  by  this  method  as  to 
resist  for  some  time  the  corrosive  action  of  strong  acids.  During  the 
action  which  takes  place,  the  film  of  mercury,  which  is  electro- 
positive to  the  gold,  dissolves  in  the  auriferous  solution,  and  a  fil^n  of 
gold  is  deposited  in  its  place. 

Franeli  aUdlns  fbr  Ohmap  J^wttUtry. — The  bath  for  gilding  by 
dipping,  recommended  by  Boseleur,  is  composed  of — 

Pyrophosphate  of  soda  or  potassa  800  grammes 

Hydrocyanic  acid  of  I  (prusAic  acid)          .  8        „ 

Oold  in  the  form  of  chloride  (crystallised)  20      „ 

pistilled  water  .•.,,,  lo  litres. 
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The  pjrrophosphate  of  soda  is  generally  employed,  and  this  may  be 
prepared  by  melting,  at  a  white  heat,  ordinary  crystallised  phosphate 
of  soda  in  a  crucible.  The  quantity  of  g^ld  given  in  tlie  above 
formula  represents  the  grammes  of  the  pure  metal  disaolved  by  aqua 
reg^.  In  making  up  the  bath,  9  litres  of  water  are  put  into  a  por- 
celain or  enamelled-xron  vessel,  and  the  pyrophosphate  added,  with 
stirring,  a  little  at  a  time,  moderate  heat  being  applied  until  all  the 
salt  is  dissolved.  The  solution  is  then  to  be  filtered  and  allowed  to 
cool.  The  chloride  of  gold  must  not  be  evaporated  to  dryness,  as 
previously  described,  but  allowed  to  crystallise  ;  the  crystals  are  to  be 
dissolved  in  a  little  distilled  water,  and  the  solution  filtered  to  keep 
back  any  chloride  of  silver  that  may  be  present  in  the  dissolving  flask, 
derived  from  the  gold.  The  filter  is  next  to  be  washed  with  the 
remainder  of  the  distilled  (or  rain)  water.  The  chloride  solution  is 
now  to  be  added  to  the  cold  solution  of  pyrophosphate  of  soda,  and 
well  mixed  by  stirring  with  a  glass  rod.  The  hydrocyanic  acid  is 
then  to  be  added,  with  stirring,  and  the  whole  heated  to  near  the 
boiling  point,  when  the  solution  is  ready  for  use.  If  the  pyrophos- 
phate solution  is  tepid,  or  indeed  in  any  case,  Boseleur  thinks  it  best 
to  add  the  prussic  acid  before  the  solution  of  chloride  of  gold  is  poured 
in.  The  employment  of  prussic  acid  in  the  above  solution  is  not 
absolutely  necessary,  indeed  many  persons  dispense  with  it,  but  the 
solution  is  apt  to  deposit  the  gold  too  rapidly  upon  articles  immersed 
in  it,  a  defect  which  might  be  overcome  by  employing  a  weaker  solu- 
tion. If  the  solutions  are  cold  when  mixed,  the  liquor  is  of  a  yellow- 
ish colour,  but  it  should  become  colourless  when  heated.  It  sometimes 
happens  that  the  solution  assumes  a  wine-red  colour,  which  indicates 
that  too  littie  prussic  acid  has  been  used  ;  in  this  case  the  acid  must  be 
added,  drop  by  drop,  until  the  solution  becomes  colourless.  An  excess 
of  prussic  acid  must  be  avoided,  since  it  has  the  efPect  of  retarding  the 
gold  deposit  upon  articles  immersed  in  the  solution.  The  proper  con- 
dition of  the  bath  may  be  regulated  by  adding  chloride  of  gold  when 
prussic  acid  is  in  excess,  or  this  acid  when  chloride  of  gold  predomi- 
nates. In  this  way  the  bath  may  be  rendered  capable  of  gilding 
without  difficulty,  and  of  the  proper  colour. 

Respecting  the  working  of  this  solution,  Roseleur  says,  **  The  bath 
will  produce  very  fine  gilding  upon  well-cleaned  articles,  which  must 
also  have  been  passed  through  a  very  diluted  solution  of  nitrate  of 
mercury,  without  which  the  deposit  of  gold  is  red  and  irregular,  and 
will  not  cover  the  soldered  portions.  The  articles  to  be  gilded  must 
be  constantly  agitated  in  the  bath,  and  supported  by  a  hook,  or  placed 
in  a  stoneware  ladle  perforated  with  holes,  or  in  baskets  of  brass 
gau2e,  according  to  their  shape  or  size." 

In  gilding  by  dipping,  it  is  usual  to  have  three  separate  baths 
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placed  in  succession,  and  close  to  each  other,  all  being  heated  upon 
the  same  furnace  by  gas  or  otherwise.  The  first  bath  consists  of  an 
old  and  nearly  exhausted  solution  in  which  the  articles  are  first 
dipped  to  free  them  from  any  trace  of  acid  which  may  remain  upon 
them  after  being  dipped  in  aqua  fortis.  The  second  bath,  somewhat 
richer  in  gold  than  the  former,  is  used  for  the  next  dipping,  and  the 
articles  then  receive  their  final  treatment  in  the  third  bath.  By 
thus  working  the  baths  in  rounds^  *'  the  fresh  bath  of  to-day  becomes 
the  second  of  to-morrow,  and  the  second  takes  the  place  of  the  first, 
and  so  on.  This  method  of  operating  allows  of  much  more  gilding 
with  a  given  quantity  of  gold  than  with  one  bath  alone,**  and  con- 
sequently is  advantageous  both  on  the  score  of  economy  and  con- 
venience. The  gilding  is  effected  in  a  few  seconds,  when  the  articles 
are  rinsed  in  clear  water  and  dried  by  means  of  hot  sawdust,  prefer- 
ably from  white  woods  ;  they  are  afterwards  burnished  if  necessary. 
Boseleur  does  not  approve  of  boxwood  sawdust  for  this  purpose,  since 
it  is  liable  to  clog  the  wet  piec^  of  work,  besides  being  less  absorbent 
than  the  sawdust  of  poplar,  linden,  or  fir.  The  sawdust  should 
neither  be  too  fine  nor  too  coarse,  and  kept  in  a  box  with  two  par- 
titions, with  a  lining  of  zinc  at  the  bottom.  The  box  is  supported 
upon  a  frame  of  sheet- iron  or  brickwork,  which  admits,  at  its  lower 
part,  of  a  stove  filled  with  bakers*  charcoal,  which  imparts  a  gentle  and 
uniform  heat,  and  keeps  the  sawdust  constantly  dry.  After  drying 
very  small  articles  in  sawdust,  they  are  shaken  in  sieves  of  various 
degrees  of  fineness,  or  the  sawdust  may  be  removed  by  winnow- 
ing. 

The  above  process  of  gilding  by  dipping,  or  "pot  grilding,**  as  it 
was  formerly  called,  is  applied  to  articles  of  cheap  jewellery,  as 
bracelets,  brooches,  lockets,  &c.,  made  from  copper  or  its  alloys,  and 
has  been  extensively  adopted  in  France  for  gilding  the  pretty  but 
spurious  articles  known  as  French  jewellery. 

Colouring  Gilt  Work. — In  working  gold  solutions  employed  in  the 
dipping  process,  it  may  sometimes  occur  that  the  colour  of  the  de- 
posit is  faulty  and  patchy  instead  of  being  of  the  desired  rich  gold 
colour.  To  overcome  this,  certain  "  colouring  salts'*  are  employed, 
the  composition  of  which  is  as  follows : — 

Nitrate  of  potash        .  ^ 

Sulphate  of  zinc  •     f  ^-       , 

Sulphate  ofiron        .        .     >•  Of  each  equal  p.rto. 

Alum         ....-' 

These  substances  are  placed  in  an  earthenware  pipkin,  and  melted 
at  about  the  temperature  of  boiling  water.  When  fused,  the  mixture 
18  ready  for  use.    The  articles  are  to  be  brushed  over  with  the  com- 
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positioD,  sod  are  then  placed  in  a  charooal  furnace  in  which  the  fuel 
bumn  between  tho  nideg  and  a  vertical  and  cylindrical  grate,  as  Hhnwn 
inFigB.  :2-3). 

The  work  is  pkced  in  the  hollow  oentral  por- 
tion where  the  heat  radiateB.  A  vertical  section 
of  the  furnace  is  shown  in  Fiff.  ~J.  When  put 
into  the  furnace,  the  salts  upon  the  articles  flrst 
begin  to  dry,  after  which  they  fuse,  and  acquire 
a  dull,  yellowish-red  colour.  On  applying  the 
moistened  tip  of  the  finger  to  one  of  the  pieces, 
if  a  slight  biasing  sound  is  heard,  this  indicate:* 
that  the  heat  has  been  sufBcicnt,  when  the 
articlex  are  at  once  removed  and  thrown  briskly 
into  a  very  weak  aulphoric  acid  picUe.  which  in 
a  short  time  dissolves  the  salts,  leaving  the  work 
clear  and  bright,  and  of  a  fine  gold  ivloiu'.     It  pj^  .^ 

must  be  borne  in  mind  that  this  "  colouring" 
process  has  a  rather  severe  action  upon  gilt  work,  and  should  the  gild- 
ing be  a  mere  film,  or  the  articles  only  gilt  in  parts,  the  fused  salts 
will  inevitably  act  up<m  the  copper  of  which  the 
articles  are  made,  and  strip  the  greater  portion 
of  the  gold  from  the  surface  ;  as  it  would  be  a 
great  risk  to  submit  a  large  number  of  in- 
differently gilt  articles  to  the  colouring  prooesH 
unless  it  was  known  that  sufficient  gold  had 
been  deposited  upon  them,  although  of  inferior 
colour,  it  would  be  better  to  operate  upon  one  or 
two  samples  first,  when,  if  tho  result  prove 
satigfaotory,    the   bulk  of   them   may   then   be  pii-.  73. 

treated  as  above.      Some  operators,  when  the 
"  dipping  "  has  not  been  satisfactory  as  to  colour,  give  the  artictes  a 
momentary  gilding  with  tho  battery  in  the  usoal  way. 

When  it  is  desired  to  gild  articles  strongly  by  the  dipping  process, 
they  are  gilt  several  different  times,  being  passed  through  a  solution 
of  nitrate  of  mercury  previons  to  eooh  immersion  ;  the  film  of  mercury 
thus  deposited  on  the  work  becomes  dissolved  in  the  pyrophoBphate 
bath,  being  replaced  by  the  subsequent  layer  of  gold.  In  this  way 
articles  may  be  made  to  receive  a  substantial  coating  of  gold.  In 
France,  largo  articles,  such  as  clocks,  ornamental  bronzes,  &c.,  are 
gilt  in  this  manner,  by  which  they  acquire  the  beautiful  colour  for 
which  French  clocks  and  goods  of  a  similar  character  are  so  justly 
famed.  Roseleur  states  that  he  has  succeeded  in  gilding  copper  by 
thia  method  sufficiently  strong  to  resist  the  action  of  nitric  acid  for 
several  hours.     When  articles  ate  strongly  gilt  t^  the  dipping  prooeaa. 
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they  may  be  scratoh-braBhed,   or  subjected  to  the  procesfl  called 
oftnouluing  described  in  another  place. 

Gilding  Silver  by  Dipping,  or  Simple  Immersion. — The  articles  are 
first  cleaned  and  scratch-brushed,  after  which  they  are  boiled  for 
about  half  an  hour  in  the  pyrophosphate  gilding  bath,  to  which  a  few 
extra  drops  of  prussic  acid  or  sulphurous  acid  have  been  added.  The 
former  acid  dissolves  a  small  portion  of  silver  from  the  articles,  which  is 
replaced  by  an  equivalent  proportion  of  gold,  while  the  sulphurous  acid 
acts  as  a  reducing  agent  in  the  gold  solution,  and  causes  the  metal 
to  deposit  upon  the  silver  from  the  affinity  existing  between  the  two 
metals,  especially  when  one  of  them  is  in  the  nascent  state,  that  is,  just 
disengaged  from  a  combination.  This  gilding  is  very  fine,  but  with- 
out firmness.  The  deposit  is  rendered  more  rapid  and  thicker  when 
the  articles  of  silver  are  continually  stirred  with  a  rod  of  copi^er.  zinc, 
or  brass. — Roaeleur.  The  deposition  by  contact  of  other  metals,  in,  how- 
ever, due  to  voltaic  action  set  up  by  the  pyrophosphate  solution,  and 
is  altogether  different  to  the  action  which  takes  place  during  the 
simple  dipping  process,  in  which  a  portion  of  the  metal  of  which  the 
article  is  composed  is  dissolved  by  the  solution,  and  replaced  by  an 
equivalent  proportion  of  gold. 

Preparation  of  the  Work  for  Gilding — ^As  a  rule,  the  articles  should 
first  be  placed  in  a  hot  solution  of  caustic  potash  for  a  short  time, 
to  remove  greasy  matter,  then  well  rinsed,  and  afterwards  either 
scratch-brushed,  or  dipped  in  aqua  fortis  or  *'  dipping  acid'*  for  an 
instant,  and  then  thoroughly  well  rinsed.  If  the  articles  merely 
require  to  be  brightened  by  scratch -brushing,  after  being  g^t,  it  is 
only  necessary  to  put  them  through  the  same  process  before  gilding, 
which  imparts  to  the  work  a  surface  which  is  highly  favourable  to  the 
reception  of  the  deposit,  and  which  readUy  acquires  the  necessary 
brightness  at  the  scratch-brush  lathe  as  a  finish.  Articles  which  are 
to  be  left  with  a  dead  or  frosted  surface,  must  be  dipped  in  dipping 
acid  and  rinsed  before  being  placed  in  the  gilding  bath.  It  is  com- 
monly the  practice  to  *'  quick  "  the  articles,  after  dipping  in  acid,  by 
immersing  them  in  a  solution  of  nitrate  of  mercury  until  they  become 
white ;  after  this  dip,  they  are  rinsed,  and  at  once  put  into  the  bath. 

aUdinc  by  Contact  wttb  Zinc — Bt6«le'8  TrocMv. — In  this  process, 
a  solution  is  made  by  adding  chloride  of  gold  to  a  solution  of  cyanide 
of  potassium  :  in  this  the  articles  to  be  gilt  are  placed,  in  contact  with 
a  piece  of  zinc,  which  sets  up  electro -chemical  action,  by  which  the 
gold  becomes  deposited  upon  the  articles ;  but  since  the  metal  also 
becomes  reduced  upon  the  zinc,  the  process  would  not  be  one  to  re- 
commend on  the  score  of  economy.  In  some  cases,  however,  in  which 
it  is  necessary  to  deposit  a  film  of  gold  upon  some  portion  of  an  article 
which  has  stripped  in  the  burnishing,  a  cyanide  solution  of  gold  may 
be  dropped  on  the  spot,  and  this  touched  by  a  zinc  wire,  when  it  will 
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receive  a  slight  coating  of  gold,  and  thus  save  the  necessity  of  re- 
gilding  the  whole  article.  This  system  of  **  doctoring  "  is  sometimes 
necessary,  but  should  be  avoided  if  possible,  as  it  is  undoubtedly  a 
fraud  upon  the  customer,  since  the  doctored  spot  must,  sooner  or 
later,  ^deld  up  its  film  of  gold  and  lay  bare  the  metal  beneath. 

aUdiiis  wltli  thB  Baff. — This  old-fashioned  process,  which  was  at 
one  time  much  used  for  gilding  the  insides  of  snuff-boxes,  bowls  of 
mustard  and  salt  spoons,  &c.,  is  conducted  as  below.  Instead  of 
forming  the  chloride  of  gold  in  the  ordinary  way,  the  following  in- 
gredients are  taken : — 

Nitric  acid  ....       5  parts. 

Sal-ammoniac  (chloride  of  ammonium)   .       .        2    „ 
Saltpetre  (nitrate  of  potass^i)   .        .        .        .        i    „ 

A  quantity  of  finely  rolled  gold  is  placed  in  a  glass  flask,  and  the 
other  substances  are  then  introduced  ;  the  flask  is  next  heated  over  a 
sand-bath.  During  the  action  which  takes  place,  the  nitric  acid  de- 
composes the  chloride  of  ammonium,  liberating  hydrochloric  acid, 
which  combines  with  the  nitric  acid,  forming  aqua  regia,  which  dis- 
solves the  gold,  forming  chloride ;  the  nitrate  of  potash  remains  mixed 
with  the  chloride  of  gold.  The  flask  is  then  set  aside  to  cool :  when 
cold,  the  contents  of  the  flask  are  poured  into  a  flat-bottomed  dish, 
and  pieces  of  linen  rag,  cut  into  convenient  squares,  are  laid  one 
above  anotlier  in  the  solution,  being  pressed  with  a  glass  rod,  so  that 
they  may  become  thoroughly  impregnated  with  the  liquid.  The 
squares  of  rag  are  next  taken  up,  one  by  one,  and  carefully  drained, 
after  which  they  are  hung  up  in  a  dark  closet  to  dry.  When  nearly 
dry,  each  piece  of  rag,  supported  upon  glass  rods,  is  placed  over  a 
charcoal  fire  imtil  it  becomes  ignited  and  burnt  to  tinder,  which  is 
promoted  by  the  nitrate  of  potash ;  the  burning  rag  is  laid  upon  a 
marble  slab  imtil  the  combustion  is  complete,  when  the  ashes  are  to  be 
rubbed  with  a  muller,  which  reduces  them  to  a  fine  powder.  The 
powder  is  now  collected  and  placed  between  pieces  of  parchment, 
round  which  a  wet  cloth  is  to  be  folded  ;  it  is  thus  left  for  about  a 
week,  being  stirred  each  day,  however,  to  ensure  an  equal  damping 
of  the  powder  by  the  moisture  which  permeates  the  parchment. 

To  apply  tile  powder,  a  certain  quantity  is  placed  on  a  slab  and 
made  into  a  paste  with  water ;  the  workman  then  takes  up  a  small 
portion  with  his  thumb,  which  he  rubs  upon  the  cleaned  surface  of  the 
part  to  be  gilt ;  the  crevices,  fillets,  or  grooves  are  rubbed  with  pieces 
of  cork  cut  to  the  shape  required,  for  the  purpose,  and  the  comers,  or 
sharp  angles,  are  rubbed  with  »  stick  of  soft  wood ;  such  as  willow  or 
IX)plar.  When  the  articles  have  been  gilt  in  this  way,  they  are 
finished  by  burnishing  in  the  usual  manner.  When  a  red-coloured 
gold  is  required,  a  small  portion  of  copper  is  added  to  the  other 
ingredients  when  preparing  the  salt  of  gold  as  above  described. 


CHAPTER  X. 
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GildiDg  by  Eirect  Current,  or  Electro-Gilding.— Preparation  of  Gilding  Solu- 
tions. —  Gilding  Solutions :  Becquerel's.  —  Fizeau's. — Wood's. — M.  de 
Briant's.  —  French  Gilding  Solutions.  —  Gilding  Solutions  made  by 
the  Battery  Proce»«. — De  Ruolz*s. — Cold  £lectro-Gilding  Solutions. 
— Observations  on  Gilding  in  Cold  Baths. — Ferrocyanide  Gilding  Solu- 
tion.—Watt's  Gilding  Solution.— Record's  Gilding  Bath. 

Oildins  by  IMreet  Cnnrant,  or  BlAetzo-glldias- — ^lu  gilding  by 
dipping,  or  simple  iimnersion,  it  is  obvious  that,  as  a  rule,  only  a 
limited  amount  of  gold  can  be  deposited  upon  the  work,  and  that 
the  application  of  this  method  of  gilding,  therefore,  must  be  confined 
to  cheap  classes  of  work,  or  to  articles  which  will  not  be  subjected  to 
much  friction  in  use.  In  g^ding  by  the  separate  current,  on  the  other 
hand,  we  are  enabled  to  deposit  the  precious  metal  not  only  of  any 
required  thickness,  but  also  upon  many  articles  which  it  would  be 
practically  impossible  to  gild  properly  by  simple  immersion  in  a  solu- 
tion of  gold. 

Electro -gilding  is  performed  either  with  hot  or  cold  solutions ;  but 
for  most  practical  purposes  hot  solutions  are  employed.  When  gold 
is  deposited  from  cold  solutions,  the  colour  of  the  dei>osited  metal  is 
usually  of  a  yellow  colour,  and  not  of  the  rich  orange -yellow  tint 
which  is  the  natural  characteristic  of  fine  gold ,  the  deposit,  more- 
over, is  more  crystalline,  and  consequently  more  porous  in  cold  than 
hot  solutions,  and  is  therefore  not  so  good  a  protective  coating  to  the 
underlying  metal.  The  gold  deposited  from  hot  solutions  is  not  only 
of  a  superior  colour  and  of  closer  texture,  but  it  is  also  obtained  with 
much  greater  rapidity  ;  indeed,  from  the  moment  the  articles  are  im- 
mersed in  the  gilding  bath,  all  things  being  equal,  the  colour,  thick- 
ness, and  rapidity  of  the  deposit  are  greatly  imder  the  control  of  the 
operator.  In  a  few  seconds  of  time  an  article  may  bo  gilded  of  the 
finest  gold  colour,  with  scarcely  an  appreciable  quantity  of  the 
precious  metal,  while  in  the  course  of  a  very  few  minutes  a  coating  of 
sufficient  thickness  may  be  obtained  to  resist  a  considerable  amount 
of  wear. 

The  superior  conductivity  of  hot  gilding  solutions  enables  tlie  ox>crator 
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to  gild  many  metallic  surfaces,  as  tin,  lead,  Britannia  metal,  and  steel, 
for  example,  which  he  could  not  accomplish  satisfactorily  with  cold 
solutions  ;  moreover,  hot  gilding  solutions  readily  dissolve  any  trace 
of  grea^j  matter,  or  film  of  oxide  which  may  be  present  on  the  sur- 
face of  the  work,  through  careless  treatment,  and  thus  dean  the 
surface  of  the  work  for  the  reception  of  the  gold  deposit. 

Since  cold  gilding  solutions  are  occasionally  used  in  electro -de- 
position, these  will  be  treated  separately,  as  also  the  hpecial  purposes 
to  which  they  are  applied. 

Virqparation  of  Oildins  BotntloiM. — In  making  up  gpUding  baths 
from  either  of  the  following  formulae,  except  in  such  cases  as  will  be 
specified,  the  gold  is  first  to  be  converted  into  chloride,  as  before 
directed ;  but  the  actual  weight  of  the  pure  metal  required  for  each 
specified  quantity  of  solution  will  be  given  in  each  case. 

Of  all  the  solutions  of  gold  ordinarily  employed  in  the  operations  of 
electro-gilding  by  the  direct  current,  the  double  ct/anide  of  gold  and  potas- 
siufHj  when  prepared  from  pure  materials,  is  undoubtedly  the  best, 
and  has  been  far  more  extensively  employed  than  any  other.  It  is 
very  important,  however,  in  making  up  gold  solutions,  to  employ  the 
purest  cyanide  that  can  be  obtained.  A  very  good  article,  commonly 
known  as  **  gold  cyanide,*'  if  obtained  from  an  establishment  of 
known  respectability,  is  well  suited  to  the  purpose  of  preparing  these 
solutions.  The  following  formulae  are  those  which  have  been  most 
exteuKively  adopted  in  practice ;  but  it  may  be  well  to  state  that  some 
persons  employ  a  larger  proportion  of  gold  per  gallon  of  solution  than 
that  given,  a  modification  which  may  be  followed  according  to  the 
taste  of  the  operator ;  but  we  may  say  that  excellent  results  have 
been  obtained  by  ourselves  when  employing  solutions  containing  much 
less  metal  than  some  extensive  firms  have  been  known  to  adopt. 

aUdlBS  Solnttons. — I.  To  make  one  quart  of  solution,  convert 
I J  dwt.  of  fine  gold  into  chloride  as  before,  then  dissolve  the  mass 
in  about  half  a  pint  of  distilled  water,  and  allow  the  solution  to  rest  so 
that  any  trace  of  chloride  of  silver  present  may  deposit.  Pour  the 
clear  liquor,  which  is  of  a  yellow  colour,  into  a  glass  vessel  of  con- 
venient size,  and  then  dissolve  about  half  an  ounce  of  cyanide  in  four 
ounces  of  cold  water,  and  add  this  solution,  gradually,  to  the  chloride 
of  gold,  stirring  with  a  glass  rod.  On  the  first  addition  of  the  cyanide, 
the  yellow  colour  of  the  chloride  solution  will  disappear,  and  on  fresh 
additions  of  the  cyanide  being  made,  a  brownish  precipitate  will  be 
formed,  when  the  cyanide  solution  must  be  added,  gradually,  until 
no  further  precipitation  takes  place.  Since  the  precipitate  is  freely 
soluble  in  cyanide  of  potassium,  great  care  must  be  exerciM}d  not  to 
add  more  of  this  solution  than  is  necetwarv  iv  thn»w  down  the  metal 
in  the  form  of  cyanide  of  gold.    To  determine  the  right  point  at  which 
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to  stop,  the  precipitate  ahould  now  and  then  be  allowed  to  fall,  ao 
that  the  clear  supernatant  liquor  may  be  tested  with  a  drop  of  the 
cyanide  solution,  delivered  from  one  end  of  the  glass  rod;  or  a  portion 
of  the  clear  liquor  may  be  poured  into  a  test  tube,  or  other  glass  vessel, 
and  then  tested  with  the  cyanide.  If  cyanide  has  been  accidentally 
added  in  excess,  a  little  more  chloride  of  gold  must  be  added  to  neutralise 
it.  The  precipitate  must  be  allowed  to  settle,  when  the  supernatant 
liquor  is  to  be  poured  off,  and  the  precipitate  washed  several  times 
with  distilled  water.  Lastly,  a  little  distilled  water  is  to  be  added  to 
the  precipitate,  and  a  sufficient  quantity  of  cyanide  solution  poured  in 
to  dissolve  it,  after  which  a  little  excess  of  cyanide  solution  must  be 
added,  and  the  solution  then  made  up  to  one  quart  with  distilled 
water.  Before  adding  the  final  quantity  of  water,  however,  it  is  a 
good  plan,  when  convenient  to  do  so,  to  pour  the  concentrated  solu- 
tion into  an  evaporating  dish,  and  to  evaporate  it  to  dryness,  which 
may  be  most  conveniently  done  by  means  of  a  sand-bath,  after  which 
the  resulting  mass  is  to  be  dissolved  in  one  quart  of  hot  distilled 
water,  and,  should  the  solution  work  slowly  in  gilding,  a  little  more 
cyanide  must  be  added.  The  solution  should  be  filtered  before  using, 
and  must  be  worked  hot,  that  is  at  about  130°  Fahr. 

II.  Take  the  same  quantity  of  gt)ld,  and  form  into  chloride  as 
before,  and  dissolve  in  half  a  pint  of  distilled  water  ;  precipitate  the 
gold  with  ammonia,  being  careful  not  to  add  this  in  excess.  The  pre- 
cipitate is  to  be  washed  as  before,  but  must  not  be  allowed  to  become 
dry^  since  it  will  explode  with  the  sHghtest  friction  when  it  is  in  that 
state.  A  strong  solution  of  cyanide  is  next  added  until  the  precipi- 
tate is  dissolved.  The  concentrated  solution  is  now  to  be  filtered,  and 
finally,  distilled  water  added  to  make  one  quart.  Of  course  it  will 
be  understood  that  the  quantity  of  solution  given  in  this  and  other 
f  ormulee  merely  represents  the  basis  upon  which  larger  quantities  may 
be  prepared.     This  solution  must  not  be  evaporated  to  dryness. 

III.  BccqtiereVs  Solution. — This  is  composed  of — 

Chloride  of  gold       ....  i  part 

Ferrocyanide  of  potassium  10  parts 

Water 100    „ 

The  above  salts  are  first  to  be  dissolved  in  the  water  ;  the  liquid  is 
then  to  be  filtered ;  100  parts  of  a  saturated  solution  of  ferrocyanide 
of  potassium  are  now  to  be  added,  and  the  mixture  diluted  with 
once  or  twice  its  volume  of  w^ater.  **•  In  general,  the  tone  of  the 
gilding  varies  according  as  this  solution  is  more  or  less  diluted ;  the 
colour  is  most  beautiful  when  the  liquid  is  most  dilute,  and  most  free 
from  iron  [from  the  ferrocyanide].  To  make  the  surface  appear 
bright,  it  is  sufficient  to  wash  the  article  in  water  acidulated  with 
sulphuric  acid,  rubbing  it  gently  with  a  piece  of  cloth." 
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rV.  Fizeau*8  Solutiwu.  —  (i.)  i  part  of  dt}'  chloride  of  gold  is 
dissolved  in  i6o  parts  of  distilled  water ;  to  this  is  added,  gpraduallj, 
solution  of  a  carbonated  alkali  in  distilled  water,  nntil  the  liquid 
becomes  cloudy.  This  solution  may  be  used  immediately.  (2.)  i 
gramme  of  chloride  of  gold  and  4  grammes  of  hyposulphite  of  soda 
are  dissolved  in  i  litre  of  distilled  water. 

y.  Wood* 8  Solution, — 4  ounces  (troy)  of  cyanide  of  potassium 
and  I  ounce  of  cyanide  of  gold  are  dissolved  in  i  gallon  of  dis- 
tilled water,  and  the  solution  is  used  at  a  temperature  of  about  90*^ 
Fahr.,  with  a  current  of  at  least  two  cells. 

VI.  M.  de  BriantU  Solution. — ^The  preparation  of  this  solution  is 
thus  described:  ''Dissolve  34  grammes  of  gold  in  aqua  regia,  and 
evaporate  the  solution  until  it  becomes  neutral  chloride  of  gold ;  then 
dissolve  the  chloride  in  4  kilogrammes  of  warm  water,  and  add  to  it 
200  grammes  of  magnesia ;  the  gold  is  precipitated.  Filter,  and  wash 
with  pure  water ;  digest  the  precipitate  in  40  parts  of  water  mixed 
with  3  parts  of  nitric  acid,  to  remove  magnesia,  then  wash  the 
remaining  [resulting]  oxide  of  gold,  with  water,  until  the  wash-water 
exhibits  no  acid  reaction  with  test-paper  [litmus-paper].  Next 
dissolve  400  grammes  of  f errocyanide  of  potassium  [yellow  prussiate  of 
potash]  and  100  grammes  of  caustic  potash  in  4  litres  of  water,  add 
the  oxide  of  gold,  and  boil  the  solution  about  twenty  minutes.  When 
the  gold  is  dissolved,  there  remains  a  small  amount  of  iron  precipitated 
which  may  be  removed  by  filtration,  and  the  liquid,  of  a  fine  gold 
colour,  is  ready  for  use  ;  it  may  be  employed  either  hot  or  cold." 

VII.  French  Gilding  Solutions. — ^The  following  solutions  are  recom- 
mended by  Roseleur  as  those  which  he  constantly  adopted  in  practice 
— a  sufficient  recommendation  of  their  usefulness.  In  the  first  of  these 
both  phosphate  and  bisulphite  of  soda  are  employed,  with  a  small 
percentage  of  cyanide.    The  first  formula  is  composed  of — 

Phosphate  of  soda  (crystallised) 
Bisulphite  of  soda  . 
Cyanide  of  potassium  (pure)  . 
Gold  (converted  into  chloride) 
Distilled  or  rain  water 

The  seoond  formula  consists  of — 

Phosphate  of  soda  . 
Bisulphite  of  soda  . 
Cyanide  of  potassium  (pure)    . 

Gold 

Distilled  water 

In  making  up  either  of  the  above  baths,  the  phosphate  of  soda  is 
first  dissolved  in  800  parts  of  hot  water  ;  when  thoroughly  dissolved, 
the  solution  should  be  filtered,  if  not  quite  clear,  and  allowed  to  cool. 

N 


60  parts 

10    „ 

I  part 

I    » 

1,000  parts. 

50  parts 

I2i     „ 

ipart 

I      » 

i/xx>  parts. 

^ 
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The  gold  having  been  converted  into  solid  chloride,  is  next  to  be  dis- 
solved  in  100  parts  of  water,  and  the  bisulphite  of  soda  and  cyanide 
in  the  remaining  100  parts.  The  solution  of  gold  is  now  to  be  poured 
slowly,  with  stirring,  into  the  phosphate  of  soda  solution,  which 
acquires  a  greenish-yellow  tint.  The  solution  of  bisulphite  of  soda 
and  cyanide  is  next  to  be  added,  promptly,  when  the  solution  becomes 
colourless  and  is  ready  for  use.  If  the  solution  of  phosphate  of  soda 
is  not  allowed  to  become  cold  before  the  chloride  of  gold  is  added,  a 
portion  of  this  metal  is  apt  to  become  reduced  to  the  metallic  state. 
Boseleur  considers  it  of  great  importance  to  add  the  various  solutions 
in  the  direct  order  specified. 

The  first-named  bath  is  recommended  for  the  rapid  gilding  of 
articles  made  from  silver,  bronze,  copper,  and  German  silver,  or  other 
alloys  of  copper.  The  second  bath  is  modified  so  as  to  be  suitable  for  gild- 
ing steel,  as  also  cast  and  wrought  iron  directly  ;  that  is,  without  being 
previously  coated  with  copper.  The  solutions  are  worked  at  a  temper- 
ature of  from  122°  to  176°  Fahr.  In  working  the  first  bath,  Boseleur 
says,  "  Small  articles,  such  as  brooches,  bracelets,  and  jewellery -ware 
in  gpencral,  are  kept  in  the  right  hand  with  the  conducting  wire,  and 
plunged,  and  constantly  agitated  in  the  bath.  The  left  hand  holds 
the  anode  of  platinum  wire,  which  is  immersed  more  or  less  in  the 
liquor  according  to  the  surface  of  the  articles  to  be  gilt.  Large  pieces 
are  suspended  by  one  or  more  brass  rods,  and,  as  with  the  platinum 
anode,  are  moved  about.  The  shade  of  the  gold  deposit  is  modified 
by  dipping  the  platinum  anode  more  or  less  in  the  liquor,  the  paler 
tints  being  obtained  when  a  small  surface  is  exposed,  and  the  darker 
shades  with  a  largfer  surface.  Gilders  of  small  articles  generally 
nearly  exhaust  tiieir  baths,  and  as  soon  as  they  cease  to  give  satisfac- 
tory results,  make  a  new  one,  and  keep  the  old  bath  for  coloured  gt)lds, 
or  for  beginning  the  gilding  of  articles,  which  are  then  scratch- 
brushed  and  finished  in  a  fresh  bath.  Those  who  gfild  large  pieces 
maintain  the  strength  of  their  baths  by  successive  additions  of 
chloride  of  gold,  or,  what  is  better,  of  equal  parts  of  ammoniuret  of 
gold  and  cyanide  of  potassium."  Articles  of  copper  or  its  alloys, 
after  being  properly  cleaned,  are  sometimes  passed  through  a  very 
weak  solution  of  nitrate  of  mercury  before  being  immersed  in  the 
gilding  bath. 

The  above  system  of  working  without  a  gold  anode  is  certainly 
economical  for  cheap  jewellery,  or  such  fancy  articles  as  merely 
require  the  colour  of  gold  upon  their  surface ;  but  it  will  be  readily 
understood  that  solutions  worked  with  a  platinum  anode  would  be 
useless  for  depositing  a  durable  coating  of  gold  upon  any  metallic 
surface,  unless  the  addition  of  chloride  of  gold  were  constantly 
made. 
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VIII.  Gilding  Sohdionn  Made  by  the  Buttery  Proergg. — The  HyRtom 
of  forming  gold  aolutions  by  cW'trolyflis  hafl  mnoh  to  rec;ominoii(l  it ; 
the  procefis  is  simple  in  itself  :  it  requiren  but  little  manipulation,  and 
in  inexperienced  hands  is  less  liable  to  involve  waste  of  gold  than  the 
ordinary  chemical  methods  of  preparing  gilding  solutions.  A  gold 
bath  made  by  the  battery  process,  moreover,  if  the  cyanide  be  of  good 
quality,  is  the  purest  form  of  solution  obtainable.  To  prepare  the 
solution,  dissolve  about  I  pound  of  good  cyanide  in  i  gallon  of  hot 
distilled  water.  When  aU  is  dissolved,  nearly  fill  a  p^ectly  clean 
and  fiew  porous  cell  with  the  cyanide  solution,  and  stand  it  upright  in 
the  vessel  containing  the  bulk  of  the  solution,  taking  care  that  the 
liquid  stands  at  the  same  height  in  each  vessel.  Next  attach  a  clean 
block  of  carbon  or  strip  of  clean  sheet  copper  to  the  negative  polie  of  a  < 
voltaic  battery,  and  immerse  this  in  the  porous  cell.  A  gold  anode 
attached  to  the  positive  pole  is  next  to  be  placed  in  the  bath,  and  the 
voltaic  action  kept  up  until  about  i  ounce  of  gold  has  been  dis.sf)lved 
into  the  solution,  which  is  easily  determined  by  weighing  the  gold 
both  before  and  after  immersion.  The  solution  should  be  maintained 
at  a  temperature  of  130^  to  150°  Fahr.  while  it  is  under  the  action 
of  the  current. 

Another  method  of  preparing  gold  solutions  by  the  battery  process, 
is  to  attach  a  large  plate  of  gold  to  the  positive,  and  a  tsimilar  plate 
of  gold  or  block  of  carbon  to  the  negative  electtrode,  both  being  im- 
mersed in  the  hot  cyanide  solution  as  above,  and  a  current  from  2 
Daniell  cells  passed  through  the  liquid.  The  negative  electrode 
should  be  replaced  by  a  clean  cathode  of  sheet  Grerman  silver  for  a  few 
moments  occasionally,  to  ascertain  whether  the  solution  is  rich 
enough  in  metal  to  yield  a  deposit,  and  when  the  solution  is  in  a  con- 
dition to  g^d  German  silver  promptly,  with  an  anode  surface  of  about 
the  same  extent,  the  bath  may  be  considered  ready  for  use.  The 
proportion  of  gold,  per  gallon  of  solution,  may  be  greatly  varied, 
from  }  an  ounce,  or  even  less,  to  2  ounces  of  gold  per  gallon  of  solution 
being  employed,  but  larger  quantities  of  cyanide  must  be  used  in 
proportion.  While  the  gold  is  dissolving  into  the  solution,  the  liquid 
should  be  occasionally  stirred.  The  bath  should  be  worked  at  from 
130°  to  150°  Fahr.,  the  lower  temperature  being  preferable.  In 
making  solutions  by  the  battery  process,  the  position  of  the  anode 
should  be  shifted  from  time  to  time,  otherwise  it  is  liable  to  be  cut 
through  at  the  part  nearest  the  surface  of  the  solution  (the  tcaterline) 
where  the  electro -chemical  action  Ls  strongest.  A  good  way  to 
prevent  this  is  to  punch  a  hole  at  each  comer  of  the  gold  anode,  and 
also  a  hole  midway  between  each  of  the  comer  holes,  through  which 
the  supporting  hook  may  be  Buccei<sively  passed ;  this  arrangement 
will  admit  of  eight  shiftings  of  the  anode.    Another  plan  is  to  connect 
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a  stont  platinam  wire  or  a  bundle  of  fine  wiree  to  the  anode  by  meann 
of  g^Id  solder,  and  to  immerse  the  whole  of  the  anode  in  the  cyanide 
solution  ;  this  is  a  very  good  plan  for  dissolving  the  gold  uniformly, 
since  the  platinam  is  not  acted  upon  by  the  cyanide.  Sometimes 
gold  wires  are  used  to  suspend  the  anode,  in  which  case  the  wire 
should  be  protected  from  the  action  of  the  cyanide  by  slipping  a  glass 
tube  or  piece  of  vulcanised  india-rubber  tubing  over  it. 

IX.  3e  Huolz^t  Solution. — lo  parts  of  cyanide  are  dissolved  in  lOO 
parts  of  distilled  water,  and  the  solution  then  filtered ;  i  part  of 
cyanide  of  gold,  carefully  prepared  and  well  washed,  and  dried  out  of 
the  influence  of  light,  is  now  added  to  the  filtered  solution  of  cyanide. 
It  is  recommended  that  the  solution  be  kept  in  a  closed  vessel  at  a 
temperature  of  60°  to  yy""  Fahr.  for  two  or  three  days,  with  frequent 
stirring,  and  away  from  the  presence  of  light. 

X.  Cold  Eleetro-gilding  Solutions, — ^The  cold  gilding  bath  is  some- 
times used  for  very  large  objects,  as  clocks,  chandeliers,  &o.,  to  avoid 
the  necessity  of  heating  g^reat  volumes  of  liquid.  As  in  the  case  of 
hot  solutions,  the  proportions  of  gold  and  cyanide  may  be  modified 
considerably.  Any  double  cyanide  of  gold  solution  may  be  used  cold, 
provided  it  be  rich  both  in  metal  and  its  solvent^  cyanide  of  potassium, 
and  a  sufficient  surface  of  anode  immersed  in  the  bath  during  electro- 
deposition.  For  most  practical  purposes  of  cold  gilding,  the  following 
formulsB  are  reconmiended  by  Boseleur : — 

Fine  gold 10  parts 

Cyanide  of  potassium  of  70  per  cent      .        .  30    „ 

Liquid  ammonia •  50    » 

Distilled  water 1,000    „ 

Thegfold  is  converted  into  chloride  and  crystallised,  and  is  then  dis- 
solved in  a  small  quantity  of  water ;  the  liquid  ammonia  is  now  to 
be  added,  and  the  mixture  stirred.  The  precipitate,  of  a  yellowish 
brown  colour,  is  aurate  of  ammonia^  ammoniuret  of  gold,  or  fulminating 
gold,  and  is  a  highly  explosive  substance,  which  must  not  on  any 
account  be  allowed  to  become  dry,  since  in  that  state  it  would  detonate 
with  the  slighest  friction,  or  an  accidental  blow  from  the  glass  stirrer. 
Allow  the  precipitate  to  subside,  then  pour  off  the  supernatant  liquor 
and  wash  the  precipitate  several  times  ;  since  the  waehing  waters  will 
retain  a  little  gold,  these  should  be  set  aside  in  order  that  the  metal 
may  be  recovered  at  a  future  time.  The  same  rule  should  apply  to 
all  washing  waters,  either  from  gold  or  silver  precipitates.  The 
aurate  of  gold  is  next  to  be  poured  on  a  filter  of  bibulous  paper,  that 
is  filtering  paper  specially  sold  for  such  purposes.  The  cyanide 
should,  in  the  interim,  have  been  dissolved  in  the  remainder  of  the 
water.    The  cyanide  solution  is  now  to  be  added  to  the  precipitate, 
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which  it  readily  dissolyes,  and  this  may  be  oonveniently  done,  if  a 
large  filter  is  used,  by  pouring  it  on  to  the  wet  precipitate  while  in 
the  filter,  a  portion  at  a  time,  until  the  aurate  of  ammonia  has  disap- 
peared, and  the  whole  of  the  cyanide  solution  has  passed  through 
the  filter.  This  will  be  a  safer  plan  than  removing  the  precipitate 
from  the  filter ;  or  the  filter  may  be  suspended  in  the  cyanide  solution 
until  the  aurate  is  all  dissolved.  The  solution  is  finally  to  be  boiled 
for  about  an  hour,  to  drive  off  excess  of  ammonia. 

After  this  solution  has  been  worked  for  some  time  it  is  apt  to 
become  weaker  in  metal,  in  which  case  it  must  be  strengthened  by 
additions  of  aurate  of  ammonia.  For  this  purpose,  a  concentrated 
solution  of  the  gold  salt  in  cyanide  of  potassium  is  kept  always  at 
hand,  and  small  quantities  added  to  the  bath  from  time  to  time  when 
necessary.  It  is  preferable  to  employ  good  ordinary  cyanide  in 
making  up  the  bath,  ajad  pure  cyanide  for  the  concentrated  solution. 

2.  This  solution  is  composed  of — 

Fine  gold lo  parts 

Pure  cyanide  of  potassium       .        .  20    „ 

Or  commercial  cyanide    .        .        .  30  to  40  parts 

Distilled  water         ....  1,000  parts. 

The  gold  is  to  be  formed  into  chloride  and  crystallised,  as  before, 
and  dissolved  in  about  200  parts  of  the  water ;  the  cyanide  is  next  to 
be  dissolved  in  the  remainder  of  the  water,  and,  if  necessary,  filtered. 
The  solutions  are  now  to  be  mixed  and  boiled  for  a  short  time.  When 
the  solution  becomes  weakened  by  use,  its  strength  is  to  be  aug- 
mented by  adding  a  strong  solution  of  cyanide  of  gold,  prepared  by 
adding  a  solution  made  from  i  part  of  solid  chloride  dissolved  in  a 
littie  water,  and  from  I  to  i^  parts  of  pure  cyanide  of  potassium, 
also  dissolved  in  distilled  water,  the  two  solutions  being  tiien  mixed 
together. 

3.  This  solution  oonsLsts  of — 

Ferrocyanide  of  potassium  (yellow  prussiate  of  potash)        20  parts 
Pure  carbonate  of  potash     .  ....        30    „ 

Sal-ammoniac 3    „ 

Gold    ...  15    „ 

Water i/xx>    „ 

All  the  salts,  excepting  the  chloride  of  g^old,  are  to  be  added  to  the 
water,  and  the  mixture  boiled,  and  afterwards  filtered.  The  chloride 
of  gold  is  next  to  be  dissolved  in  a  littie  distilled  water  and  added  to 
the  filtered  liquor.  Some  persons  prefer  employing  the  aurate  of 
ammonia  in  place  of  the  chloride  of  gold,  and   sometimes  small 
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quantities  of  pnissio  acid  are  added  to  the  bath,  to  improve  the  bright- 
116.48  of  the  deposit ;  but  this  acid  makes  the  bath  act  more  slowly. 

The  deposit  of  g^ld  from  cold  solutions  varies  greatly  as  to  colour. 
When  the  bath  is  in  its  best  working*  condition,  and  a  brisk  current 
of  electricity  employed,  the  gold  should  be  of  a  pure  yellow  colour ; 
sometimes,  however,  it  is  several  shades  lights,  being  of  a  pale 
yellow ;  it  sometimes  happens  that  the  gold  will  be  deposited  of  an 
earthy  grey  colour,  in  which  case  the  articles  require  to  be  cautiously 
scratch-brushed,  and  afterwards  coloured  by  the  or-moulu  process  to 
be  described  hereafter.  The  proportion  of  cyanide  in  these  baths 
should  be  about  twice  that  of  the  chloride  of  gold ;  but  since  the 
cyanide  is  of  variable  quality,  it  may  often  be  necessary  to  employ  an 
excess,  which  is  determined  by  the  colour  of  the  deposit ;  if  the  gold 
is  in  excess  the  deposit  may  be  of  a  blackish  or  dark  red  colour ;  or  if, 
on  the  contrary,  cyanide  preponderates,  the  operation  is  slow  and 
the  gold  of  a  dull  grey  colour,  and  not  unfrequently,  when  the  bath 
is  in  this  condition,  the  gold  becomes  re -dissolved  from  the  work  in 
solution,  either  entirely  or  in  patches. 

When  the  bath  is  not  in  good  working  order,  the  gold  anode  must 
be  withdrawn  from  the  solution,  otherwise  it  will  become  dissolved  by 
the  cyanide.  It  is  a  "remarkable  phenomenon,"  says  Roseleur, 
"  that  solutions  of  cyanides,  even  without  the  action  of  the  electric 
current,  rapidly  dissolve  in  the  cold,  or  at  a  moderate  temperature,  all 
the  metals,  except  platinum,  and  that  at  the  boiling  point  they  have 
scarcely  any  action  upon  the  metals." 

Obftervationa  on  Gilding  in  Cold  Baths. — When  a  pure  yellow  colour 
is  desired,  a  newly -prepared  double  cyanide  of  gold  solution,  in 
which  a  moderate  excess  only  of  cyanide  is  present,  and  containing 
from  I  to  2  ounces  of  gold  per  gallon,  will  yield  excellent  results  with 
the  current  from  a  single  WoUaston  or  Daniell  battery;  but  suffi- 
cient anode  must  be  exposed  in  the  nolution  to  admit  of  the  deposit 
taking  place  almost  immediately  after  the  article  is  immersed  in  the 
bath.  The  anode  may  then  be  partially  raised  out  of  the  solution, 
and  the  deposition  allowed  to  take  place  without  further  interference 
than  an  occasional  shifting  of  the  object  to  coat  the  spot  where  the 
slinging  wire  touches.  After  the  article  has  been  in  the  bath  a 
minute  or  so,  the  operator  may  assure  himself  that  deposition  is  pro- 
gressing satisfactorily  by  dipping  a  piece  of  clean  silvered  copper  wire 
in  the  bath  and  allowing  it  to  touch  the  object  being  gilt,  when,  if 
the  end  of  the  wire  becomes  coated  with  gold,  he  may  rest  assured 
that  dex>o.sition  is  proceeding  favourably.  .  Care  must  be  taken,  how- 
ever, that  the  deposit  is  not  taking  place  too  rapidily,  for  it  is  abso- 
lutely ueces^sary  that  the  action  should  be  gradual,  otherwise  the  gold 
may  strip  off  under*  the  operation  of   the  scratch-brush.     If  any 
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portioiis  of  the  work  appear  patchy  or  spotted,  the  pieces  must  be 
removed  from  the  bath,  rinsed,  and  well  scratch-brufihed.  As  in  hot 
gilding,  the  plater  will  find  the  soratch-brosh  his  best  friend  when 
the  work  presents  an  irreg^ular  appearance. 

It  is  not  advisable  to  employ  a  current  of  high  intensity  in  cold 
grilling;  the  Wollaston  or  Daniell  batteries,  therefore,  are  most 
suitable,  and  when  a  series  of  cells  are  required  to  g^d  large  surfaccn 
or  a  considerable  number  of  objects,  the  poles  of  the  batteries  should 
be  connected  in  parallel,  that  is  all  the  positive  electrodes  should  be 
connected  to  the  anodes,  and  all  the  neg^ative  electrodes  put  in  com- 
munication with  the  conducting-rod  supporting  the  work  in  the  bath. 
After  deposition  has  taken  place  to  some  extent,  an  extra  cell  may  hv 
connected,  followed  by  another,  if  necessary,  and  so  on ;  but  while 
only  a  thin  coating  of  gold  is  upon  the  work,  the  strengih  of  the 
current  shotdd  be  kept  low  ;  deposition  takes  place  more  slowly  upon 
gold  than  upon  copper  or  its  alloys,  therefore  an  increase  of  batter}' 
power  becomes  a  necessity  after  a  certain  thickness  of  gold  has  been  de- 
posited. If  the  current  be  too  weak,  on  the  other  hand,  the  deposit  is 
apt  to  occur  only  at  the  prominent  points  of  the  article,  and  upon  thoso 
portions  which  are  nearest  the  anode.  It  Hometimes  happens,  with 
newly  made  baths,  that  when  the  articles  are  shifted  to  expose  frcish 
surfaces  to  the  anode,  the  gx)ld  already  deposited  upon  the  work 
becomes  dissolved  off ;  when  such  is  the  case,  it  generally  indicates 
that  there  is  too  great  an  excess  of  cyanide  in  the  solution,  although 
the  Kame  result  may  occur  if  tliere  be  too  little  gold  or  the  current  too 
feeble. 

When  the  gold  deposited  in  a  cold  bath  is  of  an  inferior  colour,  the 
article  may  \xi  dipped  in  a  weak  solution  of  nitrate  of  mcrciuy  until  it 
is  entirely  white  ;  it  is  then  to  be  heatwl  to  cxi)i'l  the  mercury,  and 
afterwards  scratch -bruHhed.  Or  the  articlo  umy  be  bruKh«Mi  over  with 
the  "green  colour,"  de»cribcd  in  anoUier  chajitcr,  and  treated  in  the 
same  way  as  bad-coloured  gilding  from  hot  solutions. 

XI.  Fenocyanide  Gilditiy  i^lution. — To  avoid  the  use  of  large  (quan- 
tities of  cyanide  of  potassium  in  gilding  solutions,  the  following 
process  has  been  proposed :  In  a  vessel,  capable  of  holding  4  litres, 
are  dissolved  in  distilled  water  300  gimmes  of  ferrocyanidc  of 
potassium,  and  50  grammes  of  sal-ammoniac;  icx)  grammes  of  gold, 
dissolved  in  aqua  regia  and  evaporated  to  expel  the  acid  as  usual, 
are  dissolved  in  i  litre  of  distilled  water.  Of  this  solution,  200 
cubic  centimetres  are  added,  little  by  little,  to  the  ferrocyanide  solu- 
tion, when  oxide  of  iron  (from  the  ferrocyanide)  is  precipitated. 
The  liquid  is  allowed  to  cool,  and  is  then  filtered  and  made  up  to  5 
litres,  when  the  bath  is  ready  for  use.  Since  it  is  not  a  good  con- 
ductor, however,  and  deposits  oxide  of  iron  upon  the  anode,  a  small 
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quantity-  of  cyanide  is  added,  but  not  suffioient  to  evolve  hydrocyanio 
acid  on  boiling.  The  bath  should  be  worked  at  from  loo"*  to  150" 
Fahr.  When  the  bath  ceases  to  yield  a  good  deposit,  200  c.c.  of  the 
gt>ld  solution  must  be  added  g^radually,  as  before ;  if  it  is  desired  to 
increase  this  proportion  of  gold,  one-tenth  of  the  quantity  of  the 
other  salts  must  also  be  added  to  the  bath. 

*KII.  WatVs  Gilding  Solution. — ^A  gilding  solution  which  the  author 
has  usccl  very  extensively,  and  which  he  first  adopted  about  the  year 
1838,  is  formed  as  follows :  i^  pennyweight  of  fine  gold  is  converted 
into  chloride,  as  before  described,  and  afterwards  dissolved  in  about 
\  pint  of  distilled  water.  8ulphide  of  ammonium  is  now  added 
gradually  with  stirring,  until  all  the  gold  is  thrown  down  in  the  form 
of  a  brown  precipitate.  After  repose  the  supernatant  liquor  is  poured 
off,  and  the  precipitate  washed  several  times  with  distilled  water  ;  it 
is  then  dissolved  in  a  strong  solution  of  cyanide  of  potassium,  a 
moderate  excess  being  added  as  free  cyanide,  and  the  solution  thus 
formed  is  diluted  with  distilled  water  to  make  up  one  quart.  Before 
using  this  solution  for  g^ding  it  should  be  maintained  at  the  boiling 
point  for  about  half  an  hour,  and  the  loss  by  evaporation  made  up 
by  addition  of  distilled  water.  This  bath  yields  a  fine  gold  colour, 
and  if  strengthened  from  time  to  time  by  a  moderate  addition  of 
cyanide,  will  continue  to  work  well  for  a  very  considerable  period ;  it 
should  be  worked  at  about  130°  Fahr.  The  above  solution  gives  very 
good  results  with  a  Daniell  battery,  and  the  articles  to  be  g^t  do  not 
require  quickingy  as  the  deposit  is  very  adherent. 

XIII.  RecordU  Gilding  Bath, — ^This  solution,  for  which  a  patent  was 
obtained  in  1884,  is  formed  by  combining  nickel  and  gold  solutions, 
by  which,  the  patentee  avers,  a  considerable  saving  of  gold  is  effected. 
To  make  this  solution,  he  dissolves  5  ounces  of  nickel  salts  in  'about 
2  gallons  of  water,  to  which  12  ounces  of  cyanide  of  potassium  is 
added,  *'  so  that  the  nickel  salts  may  be  taken  up  quite  clear."  The 
solution  is  then  boiled  until  the  ammonia  contained  in  the  nickel  salts 
is  entirely  evaporated.  This  solution  is  then  added  to  the  ordinary 
gold  solution  containing  i  ounce  of  gold.  The  proportions  given  arc 
preferred,  but  may  be  varied  at  will. 


CHAPTER  XI. 

ELECTRO-DEPOBITION  OF  GOLD  {continued). 

Geaeral  ManipulatioQB  of  Electro-gilding. — Preparation  of  the  Work. — Dead 
Gilding. — Causes  which  affect  the  Colour  of  the  Deposit. — Gilding 
Gold  Articles. — Gilding  Insides  of  Vessels. — Gilding  Silver  Filigree 
Work. — Gilding  Army  Accoutrement  Work. — Gilding  German  Silver.— 
Gilding  Steel. — Gilding  Watch  Movements. 

OMMral  Manlpnlitiona  of  Btoetro-CMldins. — In  small  gilding 
operations,  the  apparatus  and  arrangements  are  of  an  exceedingly 
simple  character,  and  need  not  involve  more  than  a  trifling  outlay. 
A  i2-inoh  DanieU  cell,  or  a  small  battery  (say  a  half -gallon  cell),  con- 
structed as  follows,  will  answer  well  for  gilding  such  small  work  as 
Albert  chains,  watch  oases,  pins,  ringfs,  and  other  work  of  small 
dimensions.  This  battery  consists  of  a  stone  jar, 
within  which  is  placed  a  cylinder  of  thin  sheet- 
copper,  having  a  binding  screw  attached.  Within 
this  cylinder  is  plaoed  a  porous  ceQ,  furnished  with 
a  plate  or  bar  of  amalgamated  zinc,  to  the  upper  end 
of  which  a  binding  screw  is  connected.    A  dilute  ^'  ' 

solution  of  sulphuric  acid  is  poured  into  the  porous  cell,  and  a 
nearly  saturated  solution  of  sulphate  of  copper,  moderately  acidified 
with  sulphuric  acid,  is  poured  into  the  outer  cell.  This  simple  battery 
costs  very  little,  is  very  constant  in  action,  and  may  readily  be 
constructed  by  the  amateur  or  small  operator.  The  gfilding  bath 
may  consist  of  one  quart  of  solution,  prepared  from  any  of  the  for- 
mulae given;  a  square  piece  of  rolled  gold,  about  2  by  2  inches, 
weighing  about  five  i>ennyweights,  or  even  less,  will  serve  for  the 
anode ;  and  an  enamelled  iron  saucepan  may  be  used  to  contain  the 
solution.  Since  gilding  baths  reqtiire  to  be  used  hot  (about  130' 
Fahr.),  except  for  special  purposes,  the  solution  may  be  heated  by 
means  of  a  small  4-bumer  oil  lamp,  such  as  is  shown  in  Fig.  74, 
the  gilding  vessel  being  supported  upon  an  iron  tripod  or  ordinary 
meat  stand. 

With  this  simple  arrangement,  it  is  quite  possible  to  gild  such 
articles  as  we  have  named,  besides  smaller  articles,  such  as  brooches, 
lockets,  and  suarf-pins ;  and  providfnl  the  gold  anode  be  replaced,  as 
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it  becomes  ''worn  away*'  in  use,  and  the  solution  kept  up  to  its 
normal  height  by  additions  of  distilled  water  to  make  up  for  loss  by 
evaporation,  the  same  bath  will  be  capable  of  gilding  a  g^ood  amoimt 
of  small  work.  The  bath  will,  however,  require  small  additions  of 
cyanide  every  now  and  then,  that  is  when  it  shows  signs  of  workin^- 
slowly ,  or  yields  a  deposit  of  an  indi£Ferent  c  jlour ;  the  battery,  also,  will 
need  proper  attention  by  renewal  of  the  dilute  acid  occasionally.  In 
working  on  the  small  scale  referred  to,  in  the  absence  of  a  proper  scratch - 
brush  lathe,  the  hand  "  scratch-brush,"  Fig.  76,  may  be  resorted  to : 
this  consists  simply  of  a  single  scratch-brush,  cut  open  at  one  end,  and 
spread  out  before  using,  by  well  brushing  it  against  some  hard  metal 
substance  ;  to  mollify  the  extreme  harshness  of  the  newly  cut  brass 
wire,  of  which  the  brush  is  composed,  it  may  advantageously  be  rubbed 
to  and  fro  upon  a  hard  flagstone,  after  which  it  should  be  rinsed  before 
using.  To  apply  the  hand  scratch-brush,  prepare  a  little  warm  soap 
and  water,  into  which  the  brush  must  be  dipped  frequently  while  being 
used.  In  brushing  Albert  chains  or  similar  work,  the  swivel  may  be 
hooked  on  to  a  brass  pin,  driven  into  the  comer  of  a  bench  or  table, 
while  the  other  end  of  the  chain  is  held  in  the  hand ;  while  thus 
stretched  out,  the  moistened  brush  is  dipped  in  the  suds,  and  lightly 
passed  to  and  fro  from  end  to  end,  and  the  position  of  the  article  must 
bo  reversed  to  do  the  opposite  side ;  to  brush  those  parts  of  the  links 
which  cannot  be  reached  while  the  chain  is  outstretched,  the  chain  is 
held  in  the  hand,  and  one  part  at  a  time  passed  over  the  firnt  finger,  by 
which  means  the  uubrightened  parts  of  the  links  may  be  readily 
scratch -brushed.  It  is  important,  in  scratch-brushing,  to  keep  the 
brush  constantly  and  freely  wetted  as  above. 

Gilding  on  a  somewhat  larger  scale—  say  with  one  or  two  gallons 
of  gold  solution — may  be  pursued  without  any  very  jj^rcat  outlay,  and 
yet  enable  the  gilder  to  do  a  considerable  amount  of  wcirk  of  various 
kinds  and  dimensions  in  the  coiirse  of  an  ordinary  working  day.  The 
arrangement  we  would  suggest  may  be  thu**  briefly  explained :  for 
the  battery,  a  one-gallon  Bunsen,  or  Smee,  or  an  1 8 -inch  Daniell 
cell ;  for  the  anode,  two  or  more  ounces  of  fine  gold  rolled  to  about 
6  by  3  inches,  to  which  a  stout  piece  of  platinum  wire,  about  4  inches 
in  length,  should  be  attached  by  means  of  gold  solder.  A  small 
binding  screw  may  be  employed  to  connect  the  platiuum  wire  with 
the  positive  electrode  of  the  battery.  The  object  of  using  platinum 
wire  is  to  enable  the  whole  of  the  anode  to  be  immersed  in  the  solution 
when  a  large  surface  is  necessary,  and  which  could  not  be  properly 
done  if  copper  wire  were  used,  since  this  metal  (unlike  platinum, 
which  is  not  affected  by  the  solution)  would  become  dissolved  by  the 
bath,  and  affect  the  colour  of  the  deposit.  A  simple  method  of  heat- 
ing the  gilding  solution  and  keeping  it  hot  while  in  use  will  be 
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Fig.  75. 


in  the  aooompanying  engraving,  Fig.  75.  The  gilding  bath  rests 
upon  a  short-legged  iron  tripod,  beneatii  which  is  a  perforated  gas 
burner,  supplied  with  gas  by  means  of  flexible  india-rubber  tubing 
connected  to  an  ordinary 
g^-bumer.  Perforated 
burners  are  readily  pro- 
curable, and  are  of  trifling 
cost.  For  brightening 
small  articles  the  hand 
scratch-brush  referred  to 
(Fig.  76)  may  be  used, 
but,  for  the  convenience 
of  handling,  it  should  be 
tied  to  a  stick,  to  prevent  it  from  bending  in  the  hand.  The  brush 
is  to  be  dipped  in  soap-suds  or  stale  beer  frequently  while  being  ap- 
plied to  the  work. 

In  g^ding  upon  the  above  moderate  scale,  however,  the  lathe 
soratoh-bruah,  described  further  on,  will  be  as  necessary  as  in  still 
larger  operations :  an  ordinary  foot  lathe,  such  as  is  used  in  silver 
plating  (which  see),  is  the  nuushine  generally  used  for  this 
purpose,  and  is  of  very  simple  construction.     Such  lathes,  or 
their  chief  parts,  may  often  be  procured  second  hand  for  a 
very  moderate  sum.  As  in  scratch -brushing  electro-silvered 
or  plated  work,  stale  beer  is  employed  to  keep  the  brushes 
constantly  wet  while  the  lathe  is  being  used,  and  the  work 
in  pressed  very  lightly  against  the  revolving  brushes.    It  is 
important,  however,  when  the  scratch-brushes  are  new, 
that  they  should  have  some  hard  metallic  surface  pressed 
against  them  while  in  brisk  motion  for  a  few  minutes,  to 
spread  them  well  out  or  make  them  brushy ,  and  to  reduce 
the  extreme  harshness  of  the  newly-cut  brass  wire ;  if  this  pj      ^ 
precaution  be  not  followed,  the  gold,  if  the  coating  be 
thin,  may  become  partially  removed  from  the  gilt  article,  rendering 
its  surface  irregular  and  of  an  indifferent  colour,  necessitating  regild- 
ing  and  scratch-brushing. 

Fr^patatton  of  the  Wodc — In  electro-gilding  watch  chains  of 
various  kinds,  brooches,  lockets,  scarf-pins,  and  other  small  articles 
of  jewellery,  it  is  generally  sufficient  to  well  scratch-brush  and  rinse 
them,  after  which  they  are  at  once  put  into  the  bath.  A  preparatory 
dip  in  a  hot  potash  bath,  however,  may  be  resorted  to.  After  scratch- 
brushing,  a  short  length  of  copper  <* slinging^*  wire  is  attached  to 
the  article,  and  the  free  end  is  connected  to  the  negative  electrode  of 
the  battery  by  simply  coiling  it  around  the  stouter  wire  several  timoH  : 
the  ends  of  both  wires,  however,  should  previously  be  cleaned  by 
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meanB  of  a  pieoe  of  emefy  doth.  When  ihe  articles  are  fint  clipped 
into  the  solution,  thej  should  be  gently  moved  about,  so  that  the 
deposit  may  be  rogpilar.  Chains  should  be  shifted  from  their  position 
oocaaionally,  so  that  those  portions  which  are  in  contact  with  each 
other  may  become  gilt ;  this  may  generally  be  done  by  giving  tlie 
chain  a  brisk  shake  from  time  to  time,  and  also  by  slix^ping  the  chain 
through  the  loop  of  the  slinging  wire.  If  brooches  and  other  similar 
articles  are  slung  by  a  loose  loop  of  wire,  gentie  shaking  is  all  that  is 
necessary  to  shift  tlieir  position  on  the  sling^g  wire. 

Some  operators,  when  gilding  metal  chains  or  other  work  manufac- 
tured from  copper  or  its  alloys — ^brass,  gilding  metal,  and  German 
silver — ^prefer  to  quick  them  after  steeping  in  the  potash  bath  and 
scratch-brushing.  In  this  case  it  will  be  necessary  to  have  a  qidcking 
bath  or  **  meroury  dip  "  always  at  hand.  The  mercury  dip  consists 
of  a  very  dilute  solution  of  nitrate  or  cyanide  of  meroury,  and  after 
the  articles  have  been  whitened  in  this  bath,  they  must  be  well  rinsed 
in  clean  water  before  being  immersed  in  the  gilding  bath.  The  object 
of  meroury  dipping  is  to  ensuro  a  perfect  adhesion  of  the  gold  deposit. 
The  author  has  never,  either  in  electro-gilding  or  silvering,  found  it 
necessary  to  apply  the  quioking  process,  but  the  solutions  both  of 
gold  and  silver  wero  not  prepared  in  the  same  way  as  those  ordinarily 
adopted  by  the  trade.  The  solutions  which  the  author  worked  for  a 
great  number  years  without  the  aid  of  the  mercurial  coating  aro  men- 
tioned in  tiie  chapters  describing  the  preparation  of  gilding  and 
silvering  baths. 

D«ad  OMldinff. — ^There  aro  several  methods  of  preparing  the  work  so 
that  the  deposit  instead  of  being  more  or  less  bright  when  removed  from 
the  gilding-bath,may  prertcnt  a  dead  or /ro«/^  appearance,  which  is  not 
only  exceedingly  beautiful  in  the  rich  dulness  of  its  lustre,  but  is 
absolutely  necessary  for  certain  classes  of  work,  portions  of  which  are 
relieved  by  burnishing.  To  obtain  a  deposit  of  a  somewhat  dead 
lustre,  copper  and  brass  articles  are  dipped  for  a  moment  in  a  mixture 
of  equal  parts  of  oil  of  vitrei  and  nitric  add,  to  which  is  added  a 
small  quantity  of  common  salt.  The  articles  are  slung  on  a  stout  wire, 
coiled  into  a  loop,  and  dipped  in  the  nitro-sulphuric  acid  **  dip  *'  for 
an  instant,  and  immediately  rinsed  in  clean  water,  kept  in  a  vessel 
close  to  the  dipping  acid :  if  not  suificientiy  acted  upon  during  the 
first  dip,  they  must  be  again  steeped  for  a  moment,  then  rinsed  in 
several  successive  waters,  and  at  once  put  into  the  gilding  bath. 
There  shoidd  be  as  littie  delay  a  possible  in  transferring  the  articles 
to  the  gold  bath,  after  dipping  and  rinsing,  since  copper  and  its  alloys, 
after  being  cleaned  by  the  acid  and  rinsed,  are  very  susceptible  of 
oxidation,  even  a  very  few  moinpnt«  being  sufficient  to  tarnish  them. 
If  the  meroury  dip  is  employed,  the  work  must  be  dipped  in  the 
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quicking  bath  immediately  after  they  have  been  rinsed  from  the  acid 
dip. 

Hie  surfaoe  of  articles  may  be  rendered  BtQl  more  deady  or  frosted, 
by  slightly  brushing  them  over  with  finely  powdered  pnmioe,  of,  still 
better,  ordinary  bath  brick  reduced  to  a  powder.  By  this  means  the 
extreme  point  of  dulness,  or  deadness,  may  be  reached  with  very  little 
trouble.  Work  which  requires  to  be  burnished  after  gilding  should 
first  be  steeped  in  the  potash  bath,  and  after  rinsing  be  well  scratch- 
brushed,  or  scoured  with  silver  sand,  soap,  and  water,  when,  after 
again  rinsing  in  hot  water,  it  is  ready  for  the  bath.  In  scouring  the 
work  with  sand  and  soap,  it  is  necessary  to  use  warm  water  freely ; 
the  soap  may  be  conveniently  applied  by  fixing  a  largfe  piece  of  this 
material — say  \  lb.  of  yellow  soap — ^to  the  scouiing-board  by  means 
of  four  upright  wooden  pegs  or  skewers,  forming  a  square  about 
H  inches  each  way,  within  which  the  soap  may  be  secured  firmly, 
and  will  retain  its  position  until  nearly  used  up.  By  this  simple  plan 
the  soap,  being  a  fixture,  may  be  rubbed  with  the  scouring-brush,  as 
occasion  may  require,  without  occupying  a  second  hand  for  the 
purpose. 

Oan—  wliitib  AfllMt  Ohm  Oeloar  off  tlM  ]>6posit. — In  the  opera- 
tion of  gilding,  the  colour  of  the  deposit  may  be  infiuenced  almost 
momentarily  in  several  ways.  Assuming  that  the  current  of  elec- 
tricity is  neither  too  strong  nor  too  weak,  and  the  bath  in  perfect 
order,  if  too  small  a  surface  of  anode  is  immersed  in  the  bath,  the 
gold  deposit  wiU  be  of  a  pale  yellow  colour.  Or,  on  the  other  hand, 
if  too  large  a  surface  of  anode  is  exposed  in  tolutiotif  the  deposit 
may  be  of  a  dark  brown  or  <<foxy*'  colour,  whereas  the  mean  be- 
tween these  two  extremes  wiU  cause  the  deposit  to  assume  the  rich 
orange-yellow  colour  of  fine  or  pure  gold.  Again,  the  colour  of 
the  deposit  is  greatly  affected  by  the  motion  of  articles  while  in 
the  bath ;  for  example,  if  the  g^ding  be  of  a  dark  colour,  by  briskly 
moving  the  articles  about  in  the  bath,  they  will  quickly  assume  the 
proper  colour.  The  temperature  of  the  solution  also  affects  the  colour 
of  the  deposit,  the  tone  being  deeper  as  the  solution  becomes  hotter, 
and  vice  verad.  The  colour  of  the  gilding  is  likewise  much  affected 
by  the  nature  of  the  current  employed.  A  weak  current  from  a 
Wollaston  or  Daniell  battery  may  cause  the  deposit  to  be  of  a  paler 
colour  than  is  desired,  whereas  a  Smee,  Grove,  or  Bunsen  (but  more 
especially  the  latter)  wiU  produce  a  deposit  of  a  far  richer  tone.  The 
presence  of  other  metals  in  the  solution,  but  copper  and  silver  more 
particularly,  will  alter  the  colour  of  the  deposit,  and  therefore  it  is 
of  the  gfreatest  importance  to  keep  these  metals  out  of  the  ordinary 
grilling  solution  by  careful  means.  When  gilding  in  various  colours 
IB  needed,  recoTirse  must  be  had  to  the  solutions  described  elsewhere. 
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but  on  no  account  ishould  the  gildllig  bath  used  for  ordinary  work  be 
allowed  to  become  impregnated  with  even  small  quantities  of  any 
other  metal.  When  we  state  that  trifling  causes  will  sometimes  inter- 
fere with  the  natural  beauty  of  the  pure  gold  deposit,  the  importance 
of  preserving  the  baths  from  the  introduction  of  foreign  matters  will 
be  at  once  apparent.  Another  thing  that  affects  the  colour  of  the 
gilding  is  the  accumulation  of  organic  matter^  that  is,  vegetable  or 
animal  matter,  which  is  introduced  into  the  bath  by  the  articles  im- 
mersed in  it ;  thus,  greasy  matter  from  polished  work,  and  beer  from 
the  scratch -brush,  will  sometimes  lodge  in  the  interstices  of  hollow 
work,  and  escape  into  the  bath  even  after  the  articles  have  been 
rinsed ;  each  in  their  turn  convey  organic  matter  to  the  gold  solution, 
by  which  it  acquires  a  darkened  colour ;  indeed,  we  have  known  solu- 
tions acquire  quite  a  brown  colour  from  these  causes.  In  our  expe- 
rience, however,  the  presence  of  a  small  amount  of  such  foreign 
matter,  in  moderation,  has  often  proved  of  advantage,  especially  in 
the  gilding  of  insides  of  vessels,  when  a  rich  and  deep -toned  gilding 
is  required :  a  solution  in  this  condition  we  should  prefer,  for  insides 
of  cream  ewers,  sug^-bowls,  and  goblets,  to  a  newly -prepared  gold 
solution  ;  indeed,  when  a  bath  works  a  little /oxy,  it  is,  to  our  mind, 
in  the  best  condition  for  these  piurposes,  since  the  former  is  apt  to  yield 
a  deposit  which  is  too  yellow  for  such  surfaces.  There  is  an  extreme, 
however,  whidi  must  be  avoided,  that  is  when  the  bath  yields  a  ^vum- 
yeUow  deposit,  which  is  very  unsightly,  though  not  uncommonly  to  be 
seen  in  our  shop  windows. 

When  the  gilding  upon  chains  or  articles  of  that  class  is  of  a  deep 
brownish-yellow  colour  when  removed  from  the  bath,  it  will,  when 
scratch-brushed,  exhibit  a  fine  gold  appearance,  specially  suited  to 
this  class  of  work,  and  more  like  jewellers'  **  wet  colour  work  "  than 
electro-gilding,  which  will  render  it  more  acceptable  to  those  who 
are  judges  of  gold  colour.  Indeed,  when  the  electro -gilding  process 
was  first  introduced,  it  was  a  general  complaint  amongst  shopkeepers 
that  electro -g^ding  was  too  yellow,  and  that  electro-gilt  work  could 
easily  be  distinguished  from  coloured  gold  in  consequence,  which  was 
admitted  to  be  a  serious  defect,  since  a  person  wearing  a  g^t  article 
would  naturally  wish  it  to  be  assumed  by  others  to  be  of  gold.  In 
gilding  such  articles,  therefore,  the  aim  of  the  gilder  should  be  to 
imitate  as  closely  as  possible  the  colour  of  g^ld  jewellery,  whether  it 
be  dry  or  wet  coloured  work.  In  the  latter  there  is  a  peculiar  depth 
and  softness  of  tone  which  is  exceedingly  pleasing;  in  dry  coloured 
work  a  rich  dead  surface  is  produced  which  it  is  not  so  difficult  to 
imitate  in  electro -gilding.  The  processes  of  *•  colouring"  articles  of 
gfold  win  be  given  in  another  chapter,  since  a  knowledge  of  these 
processes  is  not  only  useful  but  often  necessary  to  an  electro-gilder, 
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in  whoHC  hands  such  work  niBy  Hometiiaes  be  placed  for  restoratiiin 
or  reoolouriiip:. 

Olldlns  Oold  JUUolss. — Although  "pninting  tlie  IU7"  would 
not  be  a  very  profitable  or  aucccusful  operation,  artidea  nudo  from 
inferior  giili  alloys  are  frequently  Bent  to  the  elootro- gilder  to 
be  "  coloured,"  that  is,  to  receive  a  slight  film  of  pure  gold,  to 
make  them  look  like  gold  of  a  miperior  quality,  like  coloured  gold, 
in  tact.  Although  such  an  imposition  is  a  positive  fraud  upon  the 
purchaser,  the  electro -gilder  has  little  choice  in  the  matter;  if  hia 
natural  scruples  irould  tempt  him  to  refuse  such  unfair  work,  aa  it 
may  be  called,  he  knows  full  wdl  that  othem  will  readily  do  the  work 
and  "  ask  no  questions ; "  he  must  therefore  undertake  it  or  lose  a 
cufltomer — perhaps  an  important  one.  Albert  chains,  rings,  pins, 
bloocheH,  and  a  host  of  other  articles  manufiictared  from  gold  aUoys 
of  very  low  standard,  are  frequently  "  coloured"  by  electro -deposition, 
simply  because  the  process  of  colonring  by  means  of  the  "  colouring 
■alts  "  would  rat  them,  if  not  diHsolve  them  entirely. 

OUdlns  IiiaM**  Of  V— — !■ — SUver  or  electro-plated  cream  ewers, 
sugar-basins,  mugs,  ir,,  are  electro-gilt  inside  in  the  following  way; 
The  inaide  of  the  vessel  is  first  well  scrateh- brushed,  for  which  pur- 
pose a  epedal  scratch -brush,  called  an  end-bitah,  is  used.    Or  this 
iutfaoe  may  be  scoured  with  soap  and 
water  with  a  piece  of  stout  flannel ;  tho 
vessel,  after  well  rinMng,  is  then  placed 
apon  a  level  table  or  bench ;    a   gold 
■node,   turned   up   in    the   form   of   a 
hollow  cylinder,  is  now  to  be  connected 
to  the  pomtivG  electrode  of  a  battery,  and 
lowered  into  the  vessel,  and  supported  in  p| 

this  position,  care  being  taken  that  it 

doee  not  tonch  the  vessel  at  any  point.  The  negative  electrode  is 
to  be  placed  in  contact  witli  the  vessel  (Fig.  77),  and  hot  gold  solu- 
tion then  carefully  poured  in,  up  to  its  extreme  inner  edge,  below 
the  mount,  if  it  have  one.  A  few  moments  after  pouring  in  the 
gold  solution,  the  anode  should  be  gently  moved  to  and  fro,  without 
coming  in  contact  with  the  vessel  itself,  so  as  to  render  the  depoat 
more  unifonn ;  it  may  then  be  allowed  to  remain  without  interruption 
for  a  minute  or  so,  when  the  gentle  movement  of  the  anode  may  he 
renewed  for  a  few  moments,  these  altemationB  of  motion  and  repose 
being  kept  up  for  about  live  or  six  minutes — or  periiaps  a  little  longer 
— by  which  time  a  sufficiently  stout  ooatiog  is  generally  obtained. 
Moving  the  anode  occasionally  has  the  effect  of  rendering  the  deposit 
more  regular,  while  it  aim  exposes  fresh  surfaces  of  the  solu- 
tiiai   to   the   metal   surfaoee   under  treAtment ;   great   care,  how- 
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ever,  is  neoeesary  to  avoid  driving  the  solution  over  the  orna- 
mental mount  on  the  rim  of  the  vessel.  The  lipt  of  cream  ewers, 
which  the  gold  solution  cannot  reach  when  the  vessel  is  filled  with 
solntion,  are  gilt  by  condooting  the  solution  to  such  parts  as  follows : 
A  small  gold  anode,  with  a  short  pieoe  of  copper  wire  attached, 
is  enclosed  in  a  piece  of  rag  or  chamois  leather  ;  the  end  of  this  wire 
is  then  connected  to  the  positive  electrode  (the  article  itself  being  in 
direct  contact  with  the  negfative),  and  the  pad,  or  "doctor/'  as  it  is 
sometimes  called,  is  dipped  in  the  gold  solution  and  applied  to  the  part 
to  be  gilt ;  in  this  way,  by  repeatedly  dipping  the  pad  in  the  solution 
and  conducting  it  over  the  surface,  this  part  in  a  short  time  becomes 
sufficiently  gilt ;  since  the  lip  of  a  cream  ewer,  however,  is  the  most 
important  part  of  the  gilt  surface,  the  application  of  the  pad  should  be 
continued  until  a  proper  coating  is  obtained,  and  care  must  be  taken 
that  the  point  of  junction  between  the  two  deposits  of  gold  is  not 
viMble  when  the  gilding  is  complete.  We  should  prefer  to  gild  the 
lip  of  such  vessels  first,  and  after  well  scratch -brushing,  or  scour- 
ing the  interior,  and  especially  the  line  where  the  two  gildings  will 
meet,  then  to  gild  the  interior  of  the  body  of  the  vessel,  and  finally  to 
scratch-brush  the  whole  surface.  In  gilding  the  insides  of  vessels,  it 
is  important  that  the  outsides  and  mounts,  or  mouldings,  should  be 
perfectly  dry,  otherwise  the  gold  solution  may,  by  capillary  attraction, 
pass  beyond  its  proper  boundary  and  gold  become  deposited  where 
it  is  not  required,  thus  entailing  the  trouble  and  annoyance  of  re- 
moving it. 

OUdlns  BUver  niigrve  D^ork. — ^A  dead  surface  of  silver  is  very 
apt  to  receive  the  gold  deposit  ununiformly,  and  this  is  specially  so  in 
the  case  of  silver  filigree  work,  the  interstices  of  which  cannot  fully 
be  reached  by  the  scratch -brush ;  the  surfaces  brightened  by  the 
scratch-brush  readily  receive  the  deposit,  while  those  portions  of  the 
article  which  escape  the  action  of  the  wire  brush  will  sometimes  fail  to 
'*  take  "  the  gold.  When  this  is  found  to  be  the  case,  a  large  surface 
of  anode  should  be  immersed  in  the  bath,  and  the  article  briskly  moved 
about  until  the  whole  surface  is  coated,  when  the  anode  may  be  par- 
tially withdrawn,  and  a  sufficient  surface  only  exposed  in  the  bath  to 
complete  the  article  as  usual.  In  gilding  work  of  this  description  it  is 
necessary  that  a  fair  amount  of  free  cyanide  should  be  in  the  bath,  but 
the  excess  must  not  be  too  great,  or  the  deposit  will  he  foxy — a  colour 
which  must  be  strenuously  avoided,  since  the  brown  tint  will  be  visible 
more  or  less  upon  those  interstices  (especially  the  soldered  parts) 
which  the  scratch-brush  cannot  reach.  As  a  rule,  filigree  work 
should  not  bo  risked  in  an  old  gold  solution  in  which  orgfanic  matter  or 
other  impurities  may  be  present.  It  is  a  good  plan,  after  giving  the 
article  a  quick  coating  in  the  way  indicated,  to  rinse  and  **  scratch  "  it 
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aguin,  and  then  to  re-immerse  it  in  the  bath.  A  solution  for  gilding 
filigree  work  fihould  also  be  tolerably  rich  in  gold — about  5  penny- 
weights to  the  quart  of  solution  being  a  good  proportion,  though  some 
gilders  use  a  still  larger  proportion  of  metal.  In  gilding  filigree  work 
a  rather  intense  current  is  necessary ;  a  Bunsen  battery,  therefore, 
should  be  employed,  or  two  Baniell  cells  arranged  for  intensity. 

OildlBcr  Army  Aecontrvmant  D^ork. — In  the  early  days  of 
electro- g^ding,  great  difficulty  was  experienced  by  eleotro-g^ders  in 
imparting  to  sword-mounts,  the  threaded  ornamentation  of  scabbards, 
and  other  army  accoutrements  the  rich  dead  lustre,  as  the  French  term 
it,  which  the  mercury  g^ders  produced  with  so  much  perfection,  and 
for  a  long  period  electro-gilders,  in  their  anxiety  to  obtain  contracts 
for  gilding  this  class  of  work,  made  many  unsuccessful  attempts  and 
suffered  much  disappointment  from  the  repeated  rejection  of  their 
work  by  the  goyemment  authorities.  At  the  period  referred  to,  there 
was  a  great  desire,  if  possible,  to  render  the  pernicious  art  of  mercury 
grilding  unnecessary,  since  it  was  too  well  known  that  those  engaged 
in  the  art  suffered  seyerely  from  the  effects  of  mercurial  poisoning,  by 
which  their  existence  was  rendered  a  misery  to  them,  and  their  lives 
abbreviated  to  a  remarkable  degree.  It  may  be  stated,  however,  that 
the  operations  of  g^ding  with  an  amalgam  of  gold  and  mercury  were 
frequentiy  conducted  with  little  or  no  regard  to  the  dangerous  nature 
of  the  fluid  metal  which  the  workpeople  were  constantiy  handling,  and 
the  volatilised  fumes  of  which  they  were  as  constantiy  inhaling.  It 
was  a  happy  epoch  in  the  gilding  art  when  deposition  of  gold  by  elec- 
tricity rendered  so  baneful  a  process,  incautioudy  practised,  compara- 
tively unnecessary.  We  say  comparatively,  because  amalgam  or 
mercury  gfOding  is  still  adopted,  though  with  a  littie  better  regard  to 
the  health  of  the  workmen,  for  certain  classes  of  work,  for  which,  even 
up  to  the  present  period,  electro-gilding  is  not  recog^nised  as  a  perfect 
substitute. 

To  grild  army  accoutrement  work,  so  as  to  resemble,  as  closely  as 
possible,  mercury  gilding,  the  colour  and  general  appearance  of  the 
matted  or  dead  parts  must  be  imitated  very  closely  indeed.  There  are 
no  articles  of  gilt  work  that  look  more  beautiful  by  contrast  than 
those  in  which  dead  surfaces  are  relieved  by  the  raised  parts  and 
surrounding  edg^s  being  brightened  by  burnishing,  and  this  effect  is 
charmingly  illustrated  in  the  mountings  of  the  regulation  sword  of  the 
British  officer.  Indeed  this  class  of  work,  when  properly  finished, 
may  be  considered  the  perfection  of  beauty  in  gilding. 

To  give  the  necessary  matted  surface  to  the  chased  portions  of  sword 

mounts,  and  work  of  a  similar  description,  these  parts  should  be 

brushed  over  with  finely-powdered  pumice,  or  bath-brick  reduced  to  a 

powder  and  sifted,  the  latter  subetanoe  answers  the  purpose  very 

o 
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irelL  The  application  of  either  of  these  materials  should  be  oonfined, 
as  far  as  is  practicable,  to  the  chased  parts  of  the  article,  so  as  to  avoid 
rendering  the  surfaces  to  be  afterwards  burnished  rough  by  the 
action  of  the  pumice  powder.  The  plain  surfaces  of  the  article  may 
then  be  scoured  with  sQver-sand,  soap  and  water,  or  scratch- 
brushed ;  but  great  care  must  be  taken  not  to  allow  the  scratch-brush 
to  touch  the  surfaces  that  are  to  be  left  dead.  Sometimes  it  is  the 
practice  to  add  a  little  aurate  of  ammonia  to  the  gilding  solution  to 
produce  a  dead  lustre  in  gilt  work.  When  it  is  preferred  to  adopt 
the  quieking  process,  in  gilding  this  class  of  work,  the  articles,  after 
being  quioked  in  the  usual  way,  are  placed  in  the  bath  until  they  have 
nearly  reoeiTed  a  sufficient  deposit,  when  they  are  removed,  rinsed, 
and  the  chased  parts  qidokly  brushed  with  pumice,  as  before,  after 
which  they  are  returned  to  the  bath  for  a  short  time,  or  until  the 
proper  colour  and  matted  appearance  are  imparted  to  the  work. 

aUdlDS  (Kmiaii  81lT«r. — ^This  alloy  of  copper,  as  also  brass,  will 
receive  a  deposit  of  gfold  in  strong  and  warm  cyanide  solutions  of  gold 
without  the  aid  of  the  battery;  this  being  the  case,  in  order  to 
prevent  the  deposit  from  taking  place  too  rapidly,  when  electro- 
g^ding  articles  made  from  these  alloys,  the  temperature  of  the 
solution  should  be  kept  rather  low — that  is  not  beyond  120®  Fahr. — 
and  only  sufficient  surface  of  anode  immersed  in  the  solution  to  enable 
the  article  to  become  gilt  with  moderate  speed  when^r«^  placed  in  the 
bath.  It  is  also  advisable  that  the  gold  solution  should  be  weaker, 
both  in  gold  and  cyanide,  than  solutions  which  are  used  for  g^ding 
silver  or  copper  work.  If,  however,  quieking  be  adopted,  these  pre- 
cautions are  not  so  necessary,  since  the  film  of  mercury  checks  the 
rapidity  of  the  g^ding.  Either  method  may  be  adopted  according  to 
the  fancy  of  the  gilder  ;  but  for  our  own  part,  we  would  not  suffer  a 
partide  of  mercury  to  enter  the  gilding-room  (except  upon  the  amal- 
gamated plates  of  a  battery)  under  any  circumstances. 

CHldlBfir  8t««l. — The  rapidity  with  which  this  metal  receives  a 
deposit  of  gold,  even  with  a  very  weak  battery  current,  in  ordinary 
cyanide  solutions,  renders  it  imperative  that  a  separate  solution  should 
be  prepared  and  kept  specially  for  steel  articles.  We  have  obtained 
excellent  results  by  employing  a  bath  composed  of 

Ordioaiy  doable  cyanide  of  gold  solution  .        .  i  part. 
Water 4  to  6  parts. 

To  this  weakened  solution  a  small  quantity  of  cyanide  of  potassium 
may  be  added,  and  the  current  employed  should  be  of  low  tension — a 
WoUaston  or  Daniell  battery  being  preferable.  The  temperature  of 
the  bath  should  be  warm,  but  not  hot.  The  surface  of  anode  in 
solution  must  be  just  so  much  as  will  enable  the  gold  to  deposit  soon 
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after  the  artiole  is  placed  in  the  bath,  but  not  immediately  after  its 
immersion.  In  other  words,  if  the  gold  is  allowed  iojump  on,  it  will 
most  assuredly  as  quickly  jump  off  when  the  scratch-brush  is  applied. 

In  preparing  steel  articles  for  g^ding,  the  author  has  found  that  by 
scratch-brushing  the  work  with  Tineg^,  or  yery  dilute  hydrochloric 
acid,  instead  of  sour  beer,  a  Tery  fine  coating  of  copper  (deriyed  from 
the  brass  wire  of  the  brushes)  has  been  imparted  to  the  articles,  to 
which  the  gold  deposit,  from  a  weak  bath,  adhered  with  great 
firmness. 

A  very  successful  method  of  gilding  steel  is  to  first  copper  or  brass 
the  articles  in  the  alkaline  solutions  of  these  metals,  as  recommended 
for  silvering  steel  and  iron.*  The  brass  or  copper  solutions  should  be 
used  warm,  and  be  in  good  working  order,  so  as  to  yield  bright 
deposits  of  good  colour.  Before  electro-brassing  the  articles,  howeyer, 
they  must  be  thoroughly  cleansed  by  scouring  with  silver-sand,  soap 
and  water,  or  scratch-brushed.  Bright  steel  articles  which  are  not 
required  to  have  a  durable  coating  of  gold,  but  merely  a  slight  film  or 
<<  colouring'*  of  the  precious  metal,  generally  need  no  preparation 
whateyer,  but  may  receiye  a  momentary  dip  iu  the  g^ilding  bath,  then 
rinsed  in  hot  water,  and  at  once  placed  in  hot  boxwood  sawdust.  In 
doing  this  cheap  class  of  work,  howeyer,  it  is  better  to  use  a  copper 
or  platinum  anode  in  place  of  the  gold  anode,  and  to  make  small 
additions  of  chloride  of  gold  when  the  solution  shows  signs  of 
becoming  exhausted.  It  must  be  remembered,  however,  that  the 
very  dilute  gold  solution  we  have  recommended  for  gilding  steel  con- 
tains in  reidity  but  yety  littie  gold,  therefore,  as  it  becomes  further 
exhausted  by  working  without  a  gold  anode,  additions  of  the  chloride, 
in  very  small  quantities,  will  require  to  be  made  so  soon  as  the  bath 
exhibits  inactiviiby. 

For  gilding  polished  steel,  a  nearly  neutral  solution  of  chloride  of 
gold  is  mixed  with  sulphuric  ether,  and  well  shaken  ;  the  ether  will 
take  up  the  gold,  and  the  ethereal  solution  float  above  the  denser 
acid.  If  the  ethereal  solution  be  applied  by  means  of  a  camel-hair 
brush  to  brightly-polished  steel  or  iron,  the  ether  evaporates,  and 
gold,  which  adheres  more  or  less  firmly,  becomes  reduced  to  the 
metallic  state  on  the  steel,  and  may  be  either  polished  or  burnished. 

In  gilding  upon  an  extensive  scale,  where  laige  objects,  such  as 
time-pieces,  chalices,  patens,  and  other  work  of  large  dimensions,  have 
to  be  gilt,  the  depositing  tanks  are  generally  enamelled  iron  jacketed 
pans,  heated  by  steam.  These  vesseLs  are  placed  in  rows  near  the 
wall  of  the  gilding-room,  in  a  good  light,  and  suitable  iron  piping 
oQuveys  the  steam  to  the  various  tanks,  each  of  which  is  provided  with 
a  suitable  stoi)cock  to  admit  or  shut  off  the  steam  as  required ;  an  exit 
pipe  at  the  bottom  of  each  '*  jacket "  allows  the  water  from  the  oon- 

*  See  Chaps.  XVI.,  XXIV.,  and  XXV. 
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densed  steam  to  escape  into  a  drain  beneath.  Each  of  these  tanks  is 
provided  with  the  usual  conducting  rods,  and  the  ouirenty  which  is 
sometimes  deriyed  from  a  magneto  or  dynamo  machine  in  large  estab- 
lishments, is  conveyed  by  suitable  leading  wires  or  rods,  attached  to 
the  wall  at  a  short  distance  from  the  series  of  depositing  vessels.  In 
gilding  large  quantities  of  small  articles,  as  steel  pens,  for  example,  a 
oonsiderable  number  of  gilding  tanks,  of  an  oblong  form,  are  plaoed 
in  a  row,  at  a  moderate  distance  apart,  and  the  pens  or  other  small 
objects  are  introduced  into  these  as  the  gilders  receive  the  work  pre- 
pared for  them. 

aildlns  Watcb  MOTWBMita— Oonttnental  MsiUiod. — The  re- 
markable beauty  of  the  Swiss  watch  movements  has  always  been  the 
finibject  of  much  admiration,  and  for  a  long  period  this  pleasing  indus- 
try was  solely  confined  to  Switzerland ;  France,  however,  eventually 
got  possession  of  the  method,  and  the  art  has  been  extensively 
practised  in  that  country,  but  more  especially  at  Besan9on  and  Mores, 
in  Jura,  and  in  Paris.  M.  Pinaire,  a  gilder  at  Besan^on,  g^erously 
communicated  the  process  to  the  late  M.  Boseleur,  to  whom  we  ate 
indebted  for  the  process. 

Pinaire*8  Method  of  Gilding  Watch  Movementt. — In  gilding  watch 
parts,  and  other  small  articles  for  watchmakers,  gold  is  seldom  applied 
directly  upon  the  copper.  In  the  majority  of  cases  there  is  a  pre- 
liminary operation,  called  graining,  by  which  a  vary  agreeable  g^rained 
and  slightly  dead  appearance  is  given  to  the  articles.  If  we  examine 
oarefully  the  inside  of  a  watch  we  may  see  the  peculiar  pointed  dead 
lustre  of  the  parts. 

This  peculiar  bright  dead  lustre,  if  it  may  be  so  expressed,  is 
totally  different  from  that  ordinarily  obtained.  For  instance,  it  does 
not  resemble  the  dead  lustre  obtained  by  slow  and  quick  electro- 
deposition  of  gold,  silver,  or  copper,  which  is  coarser  and  duller 
than  that  of  watch  parts.  Neither  does  it  resemble  the  dead 
lustre  obtained  with  the  compound  acids,  which  is  the  result  of  a 
multitude  of  small  holes  formed  by  the  juxtaposition,  upon  a  previ- 
ously even  surface,  of  a  quantity  of  more  or  less  large  grains,  always 
in  relief. 

The  gaining  may  be  produced  by  different  methods,  and  upon 
gold,  platinum,  and  silver ;  and  since  the  latter  metal  is  that  preferred 
we  shall  describe  the  process  applied  to  it. 

This  kind  of  gilding  requires  the  following  successive  operations : — 

1 .  Preparation  of  the  Watch  Parts.  —  Coming  from  the  hands 
of  the  watchmaker,  they  preserve  the  marks  of  the  file,  which  are 
obliterated  by  rubbing  upon  a  wet  stone,  and  lastly  upon  an  oil- 
stone. 

2.  The  oil  or  grease  which  soils  them  is  removed  by  boiling  the 
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watch  parts  for  a  few  minutes  in  an  alkaline  solution  made  of 
100  parts  of  water  and  lo  of  caustic  soda  or  potassa,  and  rinsing  them 
in  clean  water,  which  should  wet  them  thoroughly  if  aU  the  oil  has 
been  remored.    The  articles  are  threaded  upon  a  brass  wire. 

3.  A  few  gilders  then  cleanse  them  rapidly  by  the  compound  acids 
^  for  a  bright  lustre ;  others  simply  dry  them  carefully  in  sawdust  from 

white  wood. 

4.  Holding  the  Farts. — ^The  parts  thus  prepared  are  fastened  by 
means  of  brass  pins  with  fiat  heads  upon  the  even  side  of  a  block  of 
cork. 

5.  The  parts  thus  held  upon  the  cork  are  thoroughly  rubbed  over 
with  a  brush  quite  free  from  greasy  matters,  and  charged  with  a 
paste  of  the  finest  pumice-stone  powder  and  water.  The  brush  is 
made  to  move  in  circles  in  order  not  to  abrade  one  side  more  than  the 
other.  The  whole  ia  thoroughly  rinsed  in  clean  water,  and  no  particle 
of  pumice  dust  should  remain  upon  the  pieces  of  the  cork. 

6.  Afterwards  we  plungpe  the  cork  and  all  into  a  mercurial  solution, 
which  yery  slightly  whitens  the  copper,  and  is  composed  of — 

Water 10  litres. 

Nitaite  of  binoxide  of  mercury  2  grammes. 

Sulphuric  acid         ....    4        ^ 

The  pieces  are  simply  passed  through  the  solution,  and  then  rinsed. 
This  operation,  which  too  many  gilders  neglect,  gives  strength  to  the 
graining,  which  without  it  possesses  no  adherence,  especially  when 
the  watch  parts  are  made  of  white  Crerman  silver,  dig^nified  by  the 
name  of  nickel  by  watchmakers,  or  when  the  baths  contain  tin  in 
their  composition. 

7.  Oraininff, — In  this  state  the  parts  are  ready  for  the  graining — 
that  is  to  say,  a  silvering  done  in  a  particular  manner. 

Nothing  is  more  variable  than  the  composition  of  the  graining  pow- 
ders ;  and  it  may  be  said  that  each  gilder  has  his  own  formula,  accord- 
ing to  the  fineness  of  the  g^rain  desired. 

The  following  formulse  are  used  in  the  works  of  M.  Pinaire : — 

Silver  in  impalpable  powder.  •    30  grammes. 

fiitartrate  of  potaasa  (cream  of  tartar)  finely 

pulverised  and  passed  through  a  silk  sieve    300        „ 

Chloride  of  sodium  (common  salt)  pulver- 
ised and  sifted  as  above     .        .        .        .      i  kilogramme. 

It  is  stated  that  the  majority  of  operators,  instead  of  preparing 
their  gpraining-silver,  prefer  buying  the  Nuremburg  powder,  whieh  is 
produced  by  grinding  a  mixture  of  honey  and  silver-foil  with  a  muUer 
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iipoD  a  gfroimd-glaw  plate,  until  the  proper  fineness  is  obtained.  The 
flilver  is  separated  by  dissolving  the  honey  in  boiling  water,  and  wash- 
ing the  deposited  metal  in  a  filter  untQ  there  is  no  remaining  trace  of 
honey.  The  silver  is  then  carefully  dried  at  a  gentle  heat.  This 
silver,  like  bronze  powder,  is  sold  in  smaU  packages : — 

Silver  powder 30  grammes. 

Cream  of  tartar  ....        120  to  150       „ 
Common  salt  (white  and  clean)  .  100        „ 

Or— 

Silver  powder 30       „ 

Cream  of  tartar 100       „ 

Common  salt i  kilogramme. 

All  these  substances  should  be  as  pure  as  possible,  and  perfectly 
diy.  Cream  of  tartar  is  generally  dry,  but  common  salt  often  needs, 
before  or  after  it  has  been  pulverised,  a  thorough  drying  in  a 
porcelain  or  silver  dish,  in  which  it  is  kept  stirred  with  a  glass  rod  or 
a  silver  spoon. 

The  mixture  of  the  three  substances  must  be  thorough,  and  effected 
at  a  moderate  and  protracted  heat. 

The  gfraining  is  the  coarser  as  there  is  moro  common  salt  in  the 
mixture ;  and  conversely,  it  is  the  finer  and  more  condensed  as  the 
proportion  of  cream  of  tartar  is  greater ;  but  it  is  then  more  difficult 
to  scratch-brush. 

8.  The  Graining  Proper. — ^This  operation  is  effected  as  follows  :  A 
ihin  paste  of  one  of  the  above  mixtures  with  water  is  spread  by  means 
of  a  spatula  upon  the  watch  parts  held  upon  the  cork.  The  cork  itself 
is  fixed  upon  an  earthenware  dish,  in  which  a  movement  of  rotation 
is  imparted  by  the  left  hand.  An  oval  brush  with  close  bristles  is 
held  in  the  right  hand,  and  rubs  the  watch  parts  in  every  direction, 
but  always  with  a  rotary  motion.  A  new  quantity  of  the  paste  is 
added  two  or  three  times,  and  rubbed  in  the  manner  indicated.  The 
moro  we  turn  the  brush  and  the  cork,  the  rounder  becomes  the  grain, 
which  is  a  good  quality ;  and  the  more  paste  we  add,  the  larger  the 
grain. 

The  watchmakers  generally  require  a  fine  grain,  ciroular  at  its 
base,  pointed  at  its  apex,  and  close — ^that  is  to  say,  a  multitude  of 
juxtaposed  small  cones.  A  larger  grain  may,  however,  have  a  better 
appearance,  but  this  depends  on  the  nature  and  the  size  of  the  articles 
grained. 

9.  When  the  desired  gfrain  is  obtained,  the  watch  parts  are  washed 
and  then  scratoh-bmshed.  The  wire  brushes  employed  also  come 
from  Nuremburg,  and  are  made  of  brass  wires  as  fine  as  hair.  As 
these  wires  are  very  stiff  and  springy,  they  will,  when  out,  bend  and 
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turn  in  every  direction,  and  no  work  can  be  done  with  them.  It  is, 
therefore,  absolntelj  necessary  to  anneal  them  more  or  less  upon  an 
even  fire.  An  intelligent  worker  has  always  three  scratch-brushes 
annealed  to  different  degrees :  one  which  is  half  90ft,  or  half  annealed, 
for  the  first  operation  of  uncovering  the  grain  ;  one  harder,  or  little 
annealed,  for  bring^g  up  lustre ;  and  one  very  tofty  or  fully  annealed, 
used  before  gilding,  for  removing  the  erasures  which  may  have  been 
mAde  by  the  preceding  tool,  and  for  scratch-brushing  after  the  gild- 
ing. Of  course  the  scratch-brushing  operation,  like  the  graining 
proper,  must  be  done  by  striking  circles,  and  giving  a  rotary  motion 
between  the  fingers  to  the  tool.  The  cork  is  now  and  then  made  to 
revolve.  After  a  good  scratch-brufihing,  the  grain,  seen  through  a 
magnifier,  should  be  regular,  homogeneous,  and  with  a  luatre  all  over. 
DecoctionB  of  liquorice,  saponaire  (soapwort),  or  Panama  wood  are 
employed  in  this  oi)eration. 


CHAPTER  XII. 

VARIOUS  GILDING  OPERATIOlrt. 

Electro-gilding  Zinc  Articles.— Gilding  Metals  with  Gold  Leaf.— Cold  QUd- 
ing.— Gilding  Sillc,  Cotton,  Ac.— Pyro-gilding.^Coloar  of  Electro- 
deposited  Gold. — Gilding  in  various  Colours. — Colouring  Processea. — He- 
colouring  Gold  Articles — Wet-Colour  Process. — French  Wet-Colouring. 
— London  Process  of  Wet-Colouring. 

Bl«etro-slldlii8  Zinc  Arttelas. — ^About  thirty  years  ago  a  very 
important  industry  was  introduced  into  France,  whicli  at  onoe  com- 
manded universal  admiration,  and  a  rapid  sale  for  the  beautiful  pro- 
ducts wbioh  were  abundantly  sent  into  the  market.  We  allude  to  the 
so-called  eleetro-bronzea.  These  exquisite  works  of  art,  many  of  which 
would  would  bear  comparison  with  the  finest  of  real  bronzes,  were  in 
fact  zinc  castings  or  copies  from  original  works  of  high  merit,  coated 
with  brass,  or,  as  it  was  then  called,  electro-hronze^  and  artificially 
coloured,  so  as  to  imitate  as  closely  as  possible  the  charaoteristio  tone 
of  real  bronze.  At  the  time  we  speak  of,  articles  of  every  conceivable 
form,  from  the  stag  beetle,  mounted  upon  a  leaf,  electrotyped  from 
nature,  and  reproduced  in  the  form  of  a  zinc  casting,  each  object  being 
electro-bronzed,  to  a  highly-finished  statuette  or  massive  candelabrum, 
appeared  in  our  shop  windows  and  show-rooms,  and  presented  a  really 
beautiful  and  marvellously  varied  and  cheap  addition  to  our  rather 
meagre  display  of  art  metal  work.  It  was  soon  discovered  by  those 
who  had  the  taste  for  possessing  bronzes,  but  not  the  means  to  satisfy 
it,  that  the  imitation  bronzes  lacked  nothing  of  the  beauty  of  the 
originals,  while  they  presented  the  advantage  of  being  renmrkably 
cheap,  and  thus  within  the  reach  of  many.  The  process  by  which 
the  electro -bronzing  upon  zinc  castings  is  conducted  is  considered  in 
another  place,  and  we  will  now  explain  how  articles  of  this  description, 
that  is  zinc  castings,  may  be  electro-gilt,  and  either  a  bright  or  dead 
surface  imparted  to  the  work  according  to  the  artistic  requirements  of 
the  article  to  be  treated. 

Preparatton  of  Zinc  Castings  for  Gilding. — In  order  to  obtain  the  best 
possible  results,  the  zinc  casting — presuming  it  to  be  a  work  of  art 
which  deserves  the  utmost  care  to  turn  it  out  creditably — should  first 
be  examined  for  air  or  sand-holes,  and  these,  if  present,  must  be 
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stopped  or  plugfped  with  eaty-running  pewter  solder,  and  the  spot 
afterwards  touched  up  so  as  to  resemble  the  surrounding  surface, 
whether  it  be  smooth  or  chased.  When  the  whole  article  has  been 
carefully  examined  and  treated  in  this  way,  it  is  to  be  immersed  for  a 
few  minutes  only  in  a  moderately  strong  potash  bath,  after  which  it 
must  be  weU  rinsed.  It  is  next  to  be  placed  in  a  weak  sulphuric 
add  pickle,  consisting  of — 

Sulphuric  acid        ....  lo  parts 

Water loo    „ 

bat  should  not  remain  in  the  acid  liquor  more  than  a  minute  or  two, 
after  which  it  is  to  be  thoroughly  weU  rinsed  in  clean  water.  The  article, 
having  a  copper  wire  attached,  is  now  to  be  placed  in  either  a  cold  or 
warm  brassing  solution  or  alkaline  coppering  bath  for  a  short  time, 
or  until  it  is  covered  with  a  thin  deposit  of  either  metal.*  If  on 
removing  it  from  the  brassing  bath  it  is  found  that  the  soldered  spots 
have  not  received  the  deposit,  and  present  a  blackish  appearance,  the 
artiole  must  be  well  scratch-brushed  all  over,  and  again  placed  in  the 
bath,  which,  by  the  way,  will  deposit  more  readily  upon  the  solder  if 
the  bath  be  warm,  a  brisk  current  employed,  and  gentle  motion  given 
to  the  article  when  first  placed  in  the  bath.  The  object,  when  placed 
in  the  bath  a  second  time,  should  be  allowed  to  remain  therein  for  about 
half  an  hour  or  somewhat  longer,  by  which  time,  if  the  solution  be  in 
good  order,  and  the  current  sufficiently  active,  it  will  yield  a  deposit 
sufficiently  thick  either  for  bronzing  or  gilding.  It  is  a  common 
practice  to  deposit  a  slight  coating  of  brass  or  copper  upon  zinc-work 
in  a  warm  solution  in  the  first  instance,  and  then  to  complete  the 
operation  in  a  cold  bath. 

When  the  object  is  to  be  left  bright,  that  is  merely  scratch-brushed, 
after  being  coated  with  copper  or  brass  as  above,  it  is  simply  gilt  in 
an  ordinary  cyanide  gilding  bath,  and  is  then  treated  in  the  same  way 
as  ordinary  brass  or  copper  work.  If,  however,  the  article  is  to  be 
left  dead,  the  following  method  may  be  adopted :  After  being  well 
rinsed,  the  object  is  to  be  immersed  in  a  silvering  bath  in  which 
it  is  allowed  to  remain  until  it  assumes  the  characteristic  white  and 
dead  lustre  of  electro -deposited  silver.  When  the  desired  effect  is 
produced,  the  article  must  be  well  rinsed  in  warm  (not  hot)  water 
and  immediately  placed  in  a  gilding  bath  which  is  in  a  good  condition 
for  yielding  a  deposit  of  the  best  possible  colour. 

Another  method,  which  has  been  much  practised  on  the  Continent, 
is  thus  described  byKoseleur:  ''Add  to  the  necessary  quantily  of 
waiter  one-tenth  of  its  volume  of  sulphuric  acid,  and  dissolve  va.  this 
add  liquor  as  much  sulphate  of  copper  as  it  will  take  up  at  the 
ordinary  temperature.    This  solution  vrill  mark  from  20"*  to  24°  Baum4 

•  See  Chaps.  XXIV.  and  XXV. 


aoa  VABious  oildino  operations. 

(about  I' 1600);  now  add  water  to  reduce  its  specific  gnmty  to 
16**  or  18°  B.  (about  1*1260).  This  galvano -plastic  *  bal^  is 
generally  contained  in  large  vessels  of  stoneware,  slate,  wood,  or 
gutta-percha,  and  porous  cells  are  immersed  in  it,  which  are  filled 
with  a  weak  solution  of  sulphuric  acid  and  amalgamating  salts.  Plates 
or  cylinders  of  zinc  are  put  into  these  cells,  and  are  connected  with 
one  or  more  brass  rods,  which  rest  upon  the  sides  of  the  vat,  and 
support  the  articles  which  are  to  receive  the  dead  lustre." 

The  articles  of  zinc,  previously  coated  with  copper  or  brass  in  an 
alkaline  solution,  are  suspended  in  the  above  bath  until  they  have 
acquired  the  necessary  dead  lustre,  after  which  they  are  treated  as 
follows :  After  being  thoroughly  well  rinsed,  they  are  immersed  for 
a  moment  in  a  bath  composed  of — 

Nitrate  of  mercury          ...  i  part 

Sulphuric  acid         ....  2  parts 

Water z,ooo    „ 

After  again  rinsing,  the  artides  are  steeped  in  the  following  solu- 
tion : — 

Cyanide  of  potassium         ...       40  parts 

Nitrate  of  silver zo    „ 

Water 1,000    „ 

The  articles  are  well  rinsed  after  removal  from  this  bath,  and  aie 
then  ready  for  g^ding,  the  solution  recommended  for  which  is  com- 
posed of — 

Phosphate  of  soda    ....        60  parts 


Bisulphite  of  soda    . 

10    „ 

Cyanide  of  potassium 

I  to  2  parts 

Neutral  chloride  of  gold  . 

2  parts 

Water 

•    1,000    „ 

This  batb  is  used  at  nearly  the  boiling  point,  with  an  intense  voltaic 
current.  The  anode  consists  of  platinum  wire,  which  at  first  is  dipped 
deeply  into  the  solution,  and  afterwards  gfradually  raised  out  of  the 
bath,  as  the  article  becomes  coated  with  gold,  until,  towards  the  end 
of  the  operation,  but  a  small  surface  of  the  wire  remains  in  the  bath. 
It  is  said  that  the  colour  of  the  gilding  by  this  method  is  remarkable 
for  its  *'  freshness  of  tone.**  Some  operators  first  gild  the  article  by 
the  dipping  process  before  described,  and  then  deposit  tlie  requisite 
quantity  of  g^ld  to  produce  a  dead  surface  by  the  electro  process  in  a 
bath  specially  suited  to  the  purpose.     Other  gilders  first  half -gild  the 

*  This  term,  though  never  a  correct  one,  is  still  generally  used  on  the  con- 
tinent to  designate  the  art  of  electrotyping,  or  the  deposition  of  copper  from 
its  sulphate. 
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artiole  with  the  battery,  then  dip  it  in  the  mercury  bath,  and  after 
well  rinsing,  finish  the  operation  by  a  second  deposit  of  gold.  In 
either  case,  the  article  is  finally  well  rinsed  in  warm  water,  and  after- 
wards dried  in  hot  sawdust  or  a  warm  stove.  Great  care  is  taken  to 
avoid  handling  the  article  so  as  not  to  stain  it  with  the  fing^ers,  or  to 
scratch  it  in  any  way,  since  the  delicate  frosted  surface  is  very  readily 
injured.  It  is  also  very  important  that  the  rinsing,  after  each  opera- 
tion, should  be  perfectly  carried  out,  and  that  the  final  drying  is 
complete ;  for  if  any  of  l^e  gold  solution  remain  upon  any  part  of  the 
work,  voltaic  action  will  be  set  up  between  the  zinc  and  copper  at  the 
spot,  and  the  article  disfigured  by  the  formation  of  verdigris.  The 
foregoing  process  is  specially  applied  to  articles  of  zinc,  such  as  clock- 
cases,  &c.,  which  are  generally  kept  under  glass,  but  may  be  applied 
to  smaller  ornamental  articles  which  are  not  liable  to  friction  in  use. 

In  our  own  praotioe  we  have  found  when  g^ilding  zinc,  that  the  best 
results  were  obtained  when  all  the  various  stages  of  the  process,  from 
the  first  pickling  to  the  drying,  were  conducted  with  rapidity,  the 
greatest  possible  attention  being  devoted  to  the  various  rinsing  opera- 
tions. If  all  baths  are  in  proper  order,  the  various  dip8  and  electro- 
deposits  should  each  only  occupy  from  a  few  seconds  to  a  few  minutes, 
while  the  drying  should  be  effected  with  the  greatest  possible  despatch, 
so  that  the  object,  being  but  thinly  coated  with  metals  which  are 
electro-negative  to  itself,  may  not  be  subjected  to  electro-chemical 
action  in  parts  owing  to  the  presence  of  moisture  or  traces  of  the 
gilding  solution. 

OUdlns  Metals  iritli  Gold  &mi£ — ^Articles  of  steel  are  heated  until 
they  acquire  a  bluish  colour,  and  iron  or  copper  are  heated  to  the  same 
degree.  The  first  coating  of  gold  leaf  is  now  applied,  which  must  be 
gently  pressed  down  with  a  burnisher,  and  again  exposed  to  gentle 
heat ;  the  second  leaf  is  then  applied  in  the  name  way,  followed  by  a 
third,  and  so  on ;  or  two  leaves  may  be  applied  instead  of  one,  but  the 
last  leaf  should  be  burnished  down  while  tibe  article  is  cold. 

Cold  CMldlni;. — A  very  simple  way  of  applying  this  process  is  to 
dissolve  half  a  pennyweight  of  standard  gold  in  aqua  regia ;  now 
steep  several  small  pieces  of  rag  in  the  solution  until  it  is  all  absorbed ; 
dry  the  pieces  of  rag,  and  then  bum  them  to  tinder.  To  apply  the 
ashes  thus  left,  rub  them  to  a  powder,  mix  with  a  little  water  and 
common  salt,  then  dip  a  cork  into  the  paste  thus  formed,  and  rub  it 
over  the  article  to  be  gilt. 

Oildlns  811k,  Cotton,  Sbc — ^There  are  several  methods  by  which 
textile  fabrics  may  be  either  gilt  or  silvered.  One  method  is  to 
stretch  the  fabric  tightly  upon  a  frame,  after  which  it  is  immersed  in 
a  solution  of  acetate  of  silver,  to  which  ammonia  is  added  until  the  pre- 
oqiitate  at  first  formed  becomes  dissolved,  and  a  clear  solution  obtained. 
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After  immersion  in  tMs  solution  for  an  hour  or  two,  the  thread  or 
fabric  is  first  dried,  and  then  submitted  to  a  current  of  hydrogen  gas, 
bj  which  the  silver  becomes  reduced  and  the  surface  metallised.  In 
this  condition  it  is  a  conductor  of  electricity,  and  maybe  either  gilt  or 
silyered  in  any  ordinary  cyanide  solution.  By  another  method,  the 
piece  of  white  silk  is  dipped  in  an  aqueous  solution  of  chloride  of 
gfold ;  it  is  then  exposed  to  the  fumes  of  sulphurous  add  gas,  pro- 
duced by  burning  sulphur  in  a  closed  box,  when  in  a  very  short  time 
the  entire  piece  will  be  coated  with  the  reduced  metal. 

Fyro-gUdlas. — ^This  procesfl,  which  is  recommended  for  coating 
iron  and  steel,  is  conducted  npon  the  same  principle  as  pyro -plating,* 
except  that  the  preoioui  metal  is  deposited  in  sereral  layers,  instead 
of ,  as  in  the  former  case,  depositing  the  required  coating  in  one 
operation.  The  steel  article  being  prepared  as  recommended  for 
pyro-plating,  first  receives  a  coating  of  gold  in  the  g^ding-bath  ;  it 
is  next  heated  until  the  iilm  of  gold  disappears ;  it  is  then  agnin  g^t, 
and  heated  as  before,  these  operations  being  repeated  until  the  last 
layer  remains  fully  on  the  surface. 

Ool0iir  of  Blaetro-dapoBlted  OOUL — It  might  readily  be  imagined 
that  gold,  when  deposited  from  its  solution  upon  another  metal, 
would  necessarily  assume  its  natural  colour,  that  is,  a  rich  orange 
yellow.  That  such  is  not  the  case  is  well  known  to  all  who  have 
practised  the  art  of  gilding,  and  the  fact  may  easily  be  demonstrated 
by  first  g^ding  a  piece  of  German  silver  in  a  eold  cyanide  solution  of 
gold,  and  then  raising  the  temperature  of  the  solution  to  about  130*^ 
Fahr.  If  now  a  similar  piece  of  metal  be  gilt  in  the  warm  solution, 
and  the  two  gilt  surfaces  compared,  it  will  be  found  that  while  the 
deposit  from  the  cold  solution  is  of  a  pale  yellow  colour,  that  obtained 
by  the  warm  solution  is  of  a  deeper  and  richer  hue.  The  colour  of 
the  deposit  may  also  be  influenced  by  the  nature  of  the  current,  the 
same  solution  being  used.  For  example,  the  g^ld  deposited  by  the 
current  from  a  Bunsen  battery  is  generally  of  a  finer  and  deeper  colour 
than  that  obtained  by  the  Wollaston  battery.  In  the  former  case, 
the  superior  intensity  of  the  current  seems  to  favour  the  colour  of  the 
deposit.  This  difference,  however,  is  not  so  strongly  marked  in  the 
case  of  some  other  gold  solutions,  as  that  prepared  by  precipitating 
gold  with  sulphide  of  ammonium,  and  redissolving  the  precipitate 
with  cyanide,  for  example,  which  yields  an  exceedingly  good  coloured 
deposit  with  copper  and  zinc  elements  (Wollaston  or  Daniell).  Since 
the  colour  of  the  gold  deposit  is  often  of  much  importance  to  the 
electro -gilder,  we  purpose  g^\dng  below  the  various  means  adopted 
for  varying  the  colour  of  the  deposit  to  suit  the  re<iuirements  of  what 
we  may  term  faney  gilding. 

OUdins  In  Varioas  Ooloora. — A  very  deep  coloured  deposit  of 
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gold  may  be  obtained  in  an  old  gold  solution,  in  which  organic 
matter  has  accumulated  from  imperfect  rinsing  of  the  work  after 
scratch  -  brushing,  and  in  which  there  is  a  good  proportion  of 
free  cyanide,  by  employing  a  strong  current  and  exposing  a  huge 
surface  of  anode.  In  this  case  the  deposit  is  of  9k  foxy  colour,  as  it  is 
tenned,  and  when  scratch -brushed  exhibits  a  depth  of  tone  which, 
while  being  unsuited  for  most  purposes,  may  be  useful  as  a  variety  in 
some  kinds  of  fancy  gilding  where  a  strong  contrast  of  colours  is  a 
requisite.  The  colour  of  the  deposit  is  also  much  influenced,  as  before 
observed,  by  the  extent  of  oimde  mrfaee  exposed  in  the  bath  during  the 
operation  of  gilding ;  if  a  larger  surface  be  exposed  than  is  propor- 
tionate to  the  cathode  surface  (or  work  being  gilt)  the  colour  is  dark, 
whereas  when  the  anode  surface  exposed  is  heUno  the  proper  propor- 
tion, the  deposit  will  be  of  a  pale  colour.  Motion  also  affects  the 
colour  of  the  gold  deposit — sometimes  in  a  very  remarkable  degree 
— the  colour  being  lighter  when  the  article  is  moved  about  in  the 
solution,  and  darker  when  allowed  to  rest.  These  differences  are  more 
marked,  however,  with  old  and  dark  coloured  solutions  than  with 
recently  prepared  solutions,  or  such  as  have  been  kept  scrupulously 
free  from  the  introduction  of  organic  impurities. 

For  ornamental  gilding,  as  in  cases  where  chased  or  engraved  silver 
or  plated  work  is  required  to  present  different  shades  of  colour  on  its 
various  surfaces,  solutions  of  gold  may  be  prepared  from  which  gold 
of  various  tints  may  be  obtained  by  electro -deposition.  These  solu- 
tions are  formed  by  adding  to  ordinary  cyanide  gilding  baths  vary- 
ing proportions  of  silver  or  copper  solution,  or  both,  as  also  solutions 
of  other  metals ;  but  in  order  to  insure  uniformity  of  results,  the  solu- 
tions should  be  worked  with  anodes  formed  from  an  alloy  of  the  same 
character ;  or  at  least,  if  an  alloy  of  silver  and  gold,  for  example,  is 
to  be  deposited,  an  anode  of  gold  and  one  of  silver  should  be  employed 
in  order  to  keep  up  the  condition  of  the  compound  solution. 

Oreen  Gold. — This  is  obtained  by  adding  to  a  solution  of  double 
cyanide  of  gold  and  potassium  a  small  proportion  of  cyanide  of  silver 
solution,  until  the  desired  tint  is  obtained.  The  solution  should  be 
worked  cold,  or  nearly  so. 

Med  Gold. — To  a  solution  of  cyanide  of  gold  add  a  small  quantity 
of  cyanide  of  copper  solution,  and  employ  a  moderately  strong  current. 
It  is  best,  in  making  these  additions,  to  be^in  low,  by  adding  a  very  small 
proportion  of  the  copper  solution  at  first,  and  to  increase  the  quantity 
gradually  until  the  required  tone  is  obtained,  since  an  excess  of  the 
copper  solution  would  produce  a  deposit  of  too  coppery  a  hue.  The 
tint  generally  required  would  be  that  of  the  old-fashioned  gold  and 
copper  alloy  with  which  the  seals  and  watch  cases  of  the  last,  and 
earlier  part  of  the  present,  century  were  made. 
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Pink  G^oW.— This  may  be  o;btamed  by  firet  gilding  the  article  in  the 
nsual  way,  then  depositing-  a  slight  coating  in  the  preceding  bath,  and 
afterwards  depositing  ajtnere  pellicle  of  silver  in  the  silvering  bath. 
The  operation  requires  great  care  to  obtain  the  desired  pink  tint. 
The  article  is  afterwards  burnished;  but  since  the  silver  readily 
becomes  oxidised  (unless  protected  by  a  colourless  varnish)  the  effect 
will  not  be  of  a  permanent  character. 

Fale  Straw-coloured  Gold. — Add  to  an  ordinary  cyanide  solution 
a  small  quantity  of  silver  solution,  and  work  the  compound  solution 
eold,  with  a  small  surface  of  anode  and  a  weak  current. 

OAkrarlns  Troe%am9B, — ^When  the  g^ding  is  of  an  inferior  colour 
it  is  sometimes  necessary  to  have  at  command  some  method  by  which 
the  colour  may  be  improved.  There  are  several  processes  by  which 
this  may  be  effected,  but  in  all  cases  there  must  be  a  sufficient  coating 
of  gx>ld  upon  the  article  to  withstand  the  action  of  the  materials 
employed.  This  condition  being  fulfilled,  the  artificial  colottring 
processes  may  be  applied  with  advantage,  and  gold  surfaces  of  great 
beauty  obtained.  Of  the  processes  given  below,  the  first  formula 
will  be  foimd  exceedingly  useful,  since  it  may  be  applied  to  work 
which,  though  fairly  well  gUt,  need  not  be  so  stoutly  coated  as  is 
necessary  when  employing  the  second  formula.  It  is  specially  useful 
for  bringing  up  a  g^ood  colour  upon  brooches,  albert  chadns,  and  small 
articles  generally.  It  ia  technically  known  by  the  name  **greefD. 
colour,"  and  is  composed  as  follows : — 

0Z8.  dwts.  gra. 
I.  Sulphate  of  copper     ...020 
French  verdigris  o       4      la 

Sal  ammoniac    ....040 

Nitre 040 

Acetic  acid  (about)     ...        100 

The  sulphate  of  copper,  sal  ammoniac,  and  nitre  are  first  to  be  pulver- 
ised in  a  mortar,  when  the  verdigris  is  to  be  added  and  well  mixed 
with  the  other  ingredients.  The  acetic  acid  is  then  to  be  poured  in, 
a  little  at  a  time,  and  the  whole  well  worked  up  together,  when  a 
thin  mass  of  a  bluish  green  colour  will  result.  The  article  to  be 
coloured  is  to  be  dipped  in  the  mixture  and  then  placed  on  a  clean 
piece  of  sheet  copper,  which  is  next  to  be  heated  over  a  clear  fire, 
until  the  compound  assumes  a  duU  black  colour ;  it  is  now  allowed  to 
cool,  and  is  then  plunged  into  a  tolerably  strong  stdphuric  acid 
pickle,  which  soon  dissolves  the  colouring  salts,  leaving  the  article  of 
a  fine  gold  colour.  It  is  generally  advisable  to  well  scratch-brush 
the  article  before  colouring,  when  it  will  come  out  of  the  pickle 
perfectly  bright.  When  removed  from  the  pickle,  the  article  must 
be  well  rinsed  in  hot  water,  to  which  a  small  quantity  of  carbonate  of 
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potash  should  be  added ;  it  should  next  be  brushed  with  warm  soap 
and  water,  a  soft  brush  being  employedi  and  again  rinsed  in  hot 
water,  after  whioh  it  may  be  placed  in  warm  box  sawdust,  being 
finallj  brushed  with  a  long-haired  brush. 

II.  When  the  work  is  strongly  gilt,  but  of  an  indifferent  colour, 
the  following  mixture  may  be  used : — 

Powdered  alnm        ....  3  oonces 

„        nitre  ....  6      „ 

„       sulphate  of  zinc        •        •  3      n 

„       common  salt     .        .        .  3      ,, 

These  ingredients  are  to  be  worked  up  into  a  thiokish  paste,  lind  the 
articles  brushed  over  with  it ;  they  are  then  to  be  placed  on  a  pieoe 
of  sheet  iron,  and  heated  oyer  a  clear  charcoal  or  coke  fire  until  they 
become  nearly  black  ;  when  cool  they  are  to  be  plunged  into  dilute 
muriatic  or  sulphuric  acid  pickle. 

Bdcoloiiring  Oold  Artlclea. — It  not  unfrequently  happens  that 
an  electro-g^der  is  required  by  his  customers  to  renovate  articles  of 
gold  jewellery,  so  as  to  restore  them  to  the  original  condition 
in  which  they  left  the  manufacturers.  Although  it  has  been  the 
common  practice,  with  some  electro-gilders,  to  depend  upon  their 
baths  to  give  the  desired  effect  to  what  is  called  "  coloured  '*  jewellery, 
in  some  cases  it  would  be  better  to  apply  the  methods  adopted  by 
goldsmiths  and  jewellers  for  this  purpose,  by  which  the  exact  effect 
required  can  be  more  certainly  obtained.  There  are  two  methods  of 
colouring  gold  articles ;  namely,  *'  dry  colouring,'*  which  is  applied 
to  articles  made  from  18 -carat  gold  and  upwards,  and  '*  wet-colour- 
ing," which  is  adopted  for  alloys  of  gold  below  that  standard,  but 
seldom  lower  than  12 -carat. 

The  mixture  for  dry-eolouring  is  composed  of 

Nitre 8  ounces 

Alum 4    „ 

Common  salt 4    „ 

16    „ 
Or  the  following : — 

Sal  ammoniac 4  ounces 

Saltpetre 4      ^* 

Borax An 


Z2 
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The  Ingredients  must  first  be  reduced  to  a  powder,  and  then  put 
into  an  earthen  pipkin,  which  is  to  be  placed  over  a  alow  fire  to  allow 
the  Sfklts  to  fuse  gradually;  to  assist  this,  the  mixture  should  be 
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fltiirod  with  an  iron  rod.  When  the  fused  salts  begin  to  rise  in  the 
Teeseli  the  pieces  of  work,  suspended  bj  a  fine  silver  or  platinum  wire, 
should  be  at  once  immersed,  and  kept  moved  about  until  the  liquid 
begins  to  sink  in  the  colouring-pot,  when  the  work  must  be  removed, 
and  plunged  into  clean  muriatic  acid  pickle,  which  will  dissolve  the 
adhering  salts.  The  colouring  mixture  will  ag^ain  rise  in  the  pot, 
after  the  withdrawal  of  the  work,  when  it  may  be  reimmersed  (when 
dry)  for  a  short  time,  and  then  pickled  as  before ;  it  is  then  to  be 
rinsed  in  a  weak  solution  of  carbonate  of  soda  or  potash,  and  after* 
wards  well  washed  in  hot  soda  and  water,  next  in  clean  boiling  water, 
and  finally  put  into  warm  box  sawdust  to  dry.  Previous  to  colouring 
the  work,  it  should  be  highly  polished  or  burnished,  although  the 
latter  operation  may  be  performed  after  the  work  has  been  coloured ; 
the  former  method  is,  however,  the  best,  and  produces  the  most 
pleasing  effect. 

Wet'Colotiring  Process. — This  is  applied  to  gold  articles  made  from 
alloys  below  1 8 -carat,  and  though  there  are  many  formulae  adopted 
for  colouring  gold  of  various  qualities  below  this  standard,  we 
must  limit  our  reference  to  one  or  two  only,  and  for  ample  infor- 
mation upon  this  subject  direct  the  reader's  attention  to  Mr.  Gee's 
admirable  Goldsmith* s  Handbook*  The  ordinary  ** wet  colour,"  as 
the  jewellers  term  it,  consists  chiefly  in  adding  a  little  water  to  the 
ingredients  formerly  given,  the  proportions  of  the  salts  being  gene- 
rally about  the  same ;  that  is,  nitre  8  ounces,  alum  and  common  salt 
of  each  4  ounces.  These  ingredients  being  reduced  to  a  fine  powder 
and  mixed  together,  are  worked  up  into  a  thick  paste  with  a  little  hot 
water  in  a  good-sized  pipkin  or  crucible,  which  is  placed  over  a  slow 
fire  and  heat^  gradually,  the  mixture  being  stirred  with  a  wooden 
spoon  until  it  boils  up.  The  work  is  now  to  be  introduced  as  before 
and  allowed  to  remain  for  several  minutes,  when  it  must  be  withdrawn 
and  plunged  into  boiling  water,  which  will  dissolve  the  colouring 
salts  and  show  how  far  the  colouring  has  progressed.  When  the 
mixture  exhibits  a  tendency  to  boil  dry,  an  occasional  spoonful  of 
hot  water  must  be  added  to  thin  it,  but  never  while  the  work  is  in 
the  pot.  When  the  work  is  first  put  into  the  colour  it  becomes  nearly 
black,  but  assumes  a  lighter  tone  after  each  immersion  until  the 
characteristic  colour  of  fine  gold  is  obtained.  When  the  operation  is 
complete,  the  work  will  bear  a  uniform  appearance,  though  somewhat 
dead,  and  may  be  brightened  by  burnishing  or  scratch-brushing. 
After  each  dipping  the  work  must  be  well  rinsed  in  clean  boiling 
water.  It  must  be  finally  plunged  into  hot  water,  and,  after  weU 
shaking,  be  put  into  warm  boxwood  sawdust. 

*  "  The  Goldsmith's  Handbook,"  by  George  E.  Gee.  London :  Crosby 
Lookwood  and  Son. 


RECOLOUBING   GOLD   ABTIOLES.  SOQ 

Fronck  Wet  CoUntring. — The  fonnula  for  this  is : — 

Saltpetre 8  ounces 

Common  salt 4      >» 

Alum An 

The  ingredients  must  be  finely  pulverised,  as  before,  and  intimatelj 
mixed ;  they  are  then  to  be  put  into  a  good-sized  pipkin  or  crucible, 
and  sufficient  hot  water  added  to  form  the  whole  into  a  thick  paste. 
The  mixture  should  be  slowly  heated,  and  stirred  with  a  wooden 
spoon,  when  it  will  soon  boil  up.  The  work  is  then  to  be  immersed 
for  several  minutes,  then  withdrawn  and  plunged  into  boiling  water, 
which,  dissolving  the  salts,  will  allow  the  work  to  be  examined,  when, 
if  not  of  a  sufficiently  good  colour,  it  must  be  reimmersed  for  a  short 
time.  As  the  mixture  thickens  by  evaporation  small  quantities  of 
boiling  water  must  be  added  occasionally,  but  only  after  the  work  has 
been  withdrawn.  On  the  first  immersion  the  work  assumes  a  blackish 
colour,  but  at  each  successive  immersion  it  becomes  lighter,  as  the 
baser  metals  become  removed  from  the  surface  of  the  work,  until  it 
finally  assumes  the  characteristio  colour  of  fine  gold.  This  process 
should  be  applied  to  gold  of  less  than  1 6  carats. 

London  Froeesa  of  Wet  Colouring. — For  gold  of  not  less  than  15  carats 
the  foUowing  mixture  is  used : — 

Nitre 15  ounces 

Common  salt 7      » 

Alum 7      » 

Muriatic  acid i      » 

30 
The  salts  are  to  be  powdered,  as  before ;  into  a  crucible  about 
8  inches  high  and  7  inches  in  diameter,  put  about  two  spoonfuls  of 
Water,  then  add  the  salts,  place  the  crucible  on  the  fire,  and  heat 
gradually  until  fusion  takes  place,  keeping  the  mixture  well  stirred 
with  a  wooden  spoon.  The  article,  which  should  first  be  boiled  in 
nitric  acid  pickle,  is  then  to  be  suspended  by  a  platinum  wire,  and 
immersed  in  the  fused  mixture  for  about  five  minutes,  then  withdrawn 
and  steeped  in  boiling  water.  The  muriatic  acid  is  now  to  be  added 
to  the  mixture,  and  when  it  again  boils  up  the  article  is  to  be  immersed 
for  about  five  minutes,  then  again  rinsed  in  boiling  water.  A  spoon- 
ful of  water  is  now  to  be  added  to  the  mixture,  and  the  work  again 
put  in  for  about  three  minutes,  and  again  rinsed  ;  now  add  two  spoon- 
fuls of  water  to  the  mixture,  boU  up,  and  immerse  the  work  for  two 
minutes,  and  rinse  again.  Finally,  add  about  three  spoonfuls  of  water, 
and,  after  boiling  up,  put  in  the  work  for  one  minute,  then  rinse  in 
abundance  of  clean  boiling  water,  when  the  work  will  present  a  beau- 
tiful colour.  The  work  should  then  be  rinsed  in  a  very  dilute  hot 
solution  of  potash,  and  again  in  clean  boiling  water,  after  which  it 
should  be  placed  in  dean,  warm  boxwood  sawdust. 
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CHAPTER  XIIL 
MERCURY  GILDINa. 

Preparation  of   the  Amalgam.— The    Mercurial   Solution.— Applying   the 

Amalgam — Evaporation  of  the  Mercury. — Colouring.— Bright  and  Dead 

Gilding  in  Parts— Gilding  Bronzes  with  Amalgam.— Ormoulu  Ck>1our. 

-Red-Gold   Colour.— Ormoulu.  —  Red   Ormoulu.— Yellow  Ormoulu.— 

Dead  Ormoulu.— Gildere*  Wax. — Notes  on  Gilding. 

Ai/THOITQH  the  process  of  gilding  metals  with  an  amalgam  of  gold  and 
mercury,  or  quicksilyer,  is  not,  strictly  speaking,  an  electro -chemical 
art,  it  is  important  that  this  system  of  g^ding  should  be  known  to 
the  electro-gilder  for  several  reasons :  it  is  the  chief  process  by  which 
metals  were  coated  with  gold  before  the  art  of  electro -gilding  was 
introduced ;  it  is  still  employed  for  certain  purposes,  and  many  arti- 
cles of  silver  which  have  been  mercury  gilt  occasionally  come  into  the 
electro-depositor*8  hands  for  regilding,  and  which  are  sometimes 
specially  required  to  be  subjected  to  the  same  process,  when  the  voltaic 
method  is  objected  to. 

Mercury -gilding,  formerly  called  wash -gilding,  water-gilding,  or 
amalg^am-gilding,  essentially  consists  in  brushing  over  the  surface  of 
silver,  copper,  bronze,  or  brass,  an  amalgam  of  gold  and  quicksilver, 
and  afterwards  volatilising  the  mercury  by  heat.  By  repeated  appli- 
cations of  the  amalgam  and  evaporation  of  the  mercury,  a  coating  of 
gold  of  any  desired  thickness  may  be  obtained,  and  when  properly 
carried  out  the  gilding  by  this  method  is  of  a  far  more  durable 
character  than  that  obtained  by  any  other  means.  As  we  have  before 
observed,  the  process,  unless  conducted  with  great  care,  is  a  very 
unhealthy  one,  owing  to  the  deleterious  nature  of  the  fumes  of  mer- 
cury to  which  the  workmen  are  exposed,  if  these  are  not  properly 
carried  off  by  the  flue  of  a  suitable  furnace. 

Preparation  of  flM  A*wig«™ — Mercury,  as  is  well  known,  has 
the  peouliar  property  of  alloying  or  amalgamating  itself  with  gpold, 
silver,  and  some  other  metals  and  alloys,  with  or  without  the  aid  of 
heat.  To  prepare  the  amalgam  of  gold  for  the  purpose  of  mercury 
gilding,  a  weighed  quantity  of  fine  or  standard  gold  is  first  put  into  a 
crucible  and  heated  to  dull  redness.  The  requisite  proportion  of 
mercury — 8  parts  to  i  part  of  gold — is  now  added,  and  the  mixture  ia 
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Rtirred  with  ft  slightly  crooked  iron  rod,  the  heat  being  kept  up  until 
the  gold  is  entirelj  dissolved  by  the  mercnry.  The  amalg^am  is  now  to 
be  poured  into  a  small  dish  about  throe  parts  filled  with  water,  in 
which  it  is  worked  about  with  the  fingers  under  the  water,  to  squeeze 
out  as  much  of  the  excess  of  mercury  as  possible.  To  facilitate  this, 
the  dish  is  sUghtly  inclined  to  allow  the  superfluous  meroury  to  flow 
from  the  mass,  which  soon  acquires  a  pasty  condition  capable  of 
receiving  the  improssion  of  the  fingers.  The  amalgam  is  afterwards 
to  be  squeezed  in  a  chamois  leather  bag,  by  which  a  further  quantity 
of  meroury  is  liberated  ;  the  amalgam  which  remains  after  this  final 
treatment  consists  of  about  33  parts  of  mercury  and  67  of  gold  m  100 
parts.  The  meroury  which  is  prossed  through  the  bag  retains  a  good 
deal  of  gold,  and  is  employed  in  proparing  fresh  batches  of  amalgam. 
It  is  very  important  that  the  meroury  employed  for  this  purpose  be 
puro.  The  g^ld  employed  may  be  either  fine  or  standard,  but 
water-gilders  generally  use  the  metal  alloyed  either  with  silver  or 
copper  ;  if  to  be  subjected  to  the  after  process  of  colouring,  standard 
alloys  should  be  employed,  since  the  beauty  of  the  colouring  process 
depends  upon  the  romoval,  chemically,  of  the  inferior  metals,  silver, 
copper,  or  both,  from  the  alloy  of  gold,  leaving  the  puro  metal  only 
upon  the  surface.  The  amalgfam  is  crystalline,  and  produces  a  peculiar 
crackling  sound  when  prossed  between  the  fingers  close  to  the  ear. 

It  is  usual  to  keep  a  moderate  supply  of  gold  amalgam  in  hand 
when  meroury-gilding  forms  part  of  the  guilder's  ordinary  business, 
and  the  compound  is  divided  into  a  series  of  small  baUs,  which  are 
kept  under  water ;  it  is  not  advisable,  however,  to  allow  the  amalgam 
to  remain  for  a  long  period  before  being  employed,  since  a  peculiar 
phenomenon  known  as  liquation  takes  place,  by  which  the  amalgam 
loses  its  uniformity  of  composition,  the  g^ld  being  more  dense  in  some 
parts  than  in  others. 

TlM  IK«r6iirlal  Bolntton. — To  apply  the  amalgam,  a  solution  of 
nitrate  of  mercury  is  employed,  which  is  prepared  by  dissolving,  in  a 
glass  flask,  100  parts  of  meroury  in  no  parts  of  nitric  acid  of  the 
speoifio  gravity  i  -33,  gentle  heat  being  applied  to  assist  the  chemical 
action.  The  red  fumes  which  are  given  oft  during  the  decomposition 
must  be  allowed  to  escape  into  the  chimney,  since  they  are  highly 
deleterious  when  inhaled.  When  the  meroury  is  all  dissolved,  the 
solution  is  to  be  diluted  with  about  25  times  its  weight  of  distilled 
water,  and  bottled  for  use. 

Apptyins  t]i«  Awijr»«» — The  pasty  amalg^am  is  spread  with  the 
blade  of  a  knife,  upon  a  hard  and  flat  stone  called  the  gilding  stom^ 
and  the  article,  after  being  well  cleaned  and  scratch-brushed,  is 
treated  in  the  following  way :  the  gilder  takes  a  small  scratch* 
brush,  formed  of  stout  brass  wire,  which  he  first  dips  in  the  solutioi) 
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of  nitrate  of  mercury,  and  then  next  draws  it  over  the  amalgam,  by 
which  it  takes  up  a  small  quantity  of  the  composition  ,*  he  then  passes 
the  brush  carefully  over  the  surface  to  be  g^t,  rei>eatedly  dipping  the 
brush  in  the  mercurial  solution  and  drawing  it  oyer  the  amalgam 
until  the  entire  surface  is  imiformly  and  sufficiently  coated.  The 
article  is  afterwards  well  rinsed  and  dried,  when  it  is  ready  for  the 
next  operation. 

BTaporation  of  th*  BSarenry. — For  this  purpose  a  charcoal  fire, 
resting  upon  a  cast-iron  plate,  has  been  generally  adopted,  a  simple 
hood  of  sheet  iron  being  the  only  means  of  partially  protecting  the 
workmen  from  the  injurious  effects  of  the  mercurial  vapours.  M. 
D'Arcet,  of  Paris,  invented  a  furnace,  or  forge,  with  an  arrangement 
by  which  the  workman  could  watch  the  progress  of  his  work  through 
glass,  and  thus  escape  the  injurious  effects  of  the  mercury  vapours. 
The  difficulty  of  seeing  the  process  clearly,  however,  during  the  more 
important  stages  of  the  operation  (owing  doubtless  to  the  condensa- 
tion of  the  mercurial  vapour  upon  the  glass),  caused  the  arrangement 
to  be  disapproved  by  those  for  whose  well-being  it  was  specially 
designed,  and  the  simple  hood,  regardless  of  its  fatal  inadequacy,  is 
still  preferred  by  many  mercury  gilders.  When  the  amalgamated 
article  is  rinsed  and  dried,  the  gilder  exposes  it  to  the  glowing  char- 
coal, turning  it  about,  and  heating  it  by  degrees  to  the  proper  point ; 
he  then  withdraws  it  from  the  fire  by  means  of  long  pincers  or  tong^, 
and  takes  it  in  his  left  hand,  which  is  protected  with  a  leather  or 
padded  glove,  and  turns  it  over  the  fire  in  every  direction,  and  while 
the  mercury  is  volatilising,  he  strikes  the  work  with  a  long-haired 
brush,  to  equalise  the  amalgam  coating,  and  to  force  it  upon  such 
parts  as  may  appear  to  require  it. 

When  the  mercury  has  become  entirely  volatilised,  the  gfilding  has 
a  dull  gTeenish-ycUow  colour,  and  the  workman  examines  it  to  ascer- 
tain if  the  coating  is  uniform  ;  if  any  bare  places  are  apparent,  these 
are  touched  up  with  amalgam,  and  the  article  again  submitted  to  the 
fire,  care  being  taken  to  expel  the  mercury  gradually. 

Colonrlas. — The  article  is  next  well  scratch -brushed,  when  it 
assumes  a  pale  greenish  colour  ;  it  is  afterwards  subjected  to  another 
heating  to  expel  any  remaining  mercury,  when,  if  sufficient  amalg^am 
has  been  applied,  it  acquires  the  characteristic  orange -yellow  colour 
of  fine  gold.  It  is  next  submitted  to  the  process  of  colouring.  If 
required  to  be  bright,  the  piece  of  work  is  burnished  in  the  ordinary 
way,  or,  according  to  the  nature  of  the  article,  is  subjected  to  ilie 
ormoulu  process  described  further  on.  When  the  surface  is  required 
to  be  dead,  or  frosted,  the  article  is  treated  somewhat  in  the  same  way 
as  **  dry  coloured"  gold  jewelleiy  work,  that  is,  it  is  brushed  over 
with  a  hot  paste  composed  of  common  salt,  nitre,  and  alum,  fused  in 
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the  water  of  orystallifiation  of  the  latter,  after  whioh  it  is  heated  upon 
a  brisk  charcoal  fire,  without  draft,  and  moved  about  until  the  ^ts 
become  first  dried  and  then  fused ;  the  article  is  then  plunged  into  a 
Tossel  containing  a  large  quantity  of  cold  water,  in  which  the  colour- 
ing salts  are  dissolved,  and  the  dead  or  matted  appearance  of  the 
work  becomes  at  once  visible.  When  applying  the  amalgam  for  dead 
gilding,  great  care  must  be  exercised  to  insure  a  sufficiently  stout 
coating  of  g^ld  upon  the  work,  otherwise  the  colouring  salts  will 
surely  attack  the  underlying  metal.  When  about  to  colour  the  work 
as  above,  the  operator  binds  the  article  by  means  of  iron  wire  to  a 
short  rod  of  the  same  metal ;  he  then  either  dips  the  article  in  the 
colouring  paste  or  applies  it  with  a  brush,  and  after  gentiy  drying  it, 
holds  the  piece  over  the  fire  until  the  perfect  fusion  of  the  composition 
has  taken  place,  when  it  is  at  once  dipped  in  water.  The  coloured 
marks  left  by  the  wire  are  removed  by  a  weak  solution  of  nitric  acid. 

Brlsbt  and  Head  CMldlns  In  Farts. — ^When  it  is  desired  to  have 
some  parts  of  an  article  burnished  and  other  parts  left  dead,  the 
former  are  protected  by  a  mixture  of  Spanish  white  (pure  white  chalk], 
bruised  sugar  candy,  and  either  gum  or  glue,  dissolved  in  water.  The 
mixture  of  alum,  nitre,  and  common  salt  is  then  applied  to  the  parts 
to  be  left  dead,  the  article  afterwards  dried,  and  heated  over  the  char- 
coal fire  as  before  until  the  dried  salts  have  been  fused,  when  it  is  at 
once  plunged  into  cold  water,  and  subsequentiy  in  dilute  nitric  acid, 
being  finally  well  rinsed  and  dried.  The  protected  parts  are  then 
subjected  to  the  operation  of  burnishing,  when  the  article  is  complete. 

Another  method  adopted  in  France,  in  which  electro -g^ilding  takes 
a  part,  is  described  as  follows  :  Those  parts  which  are  intended  for 
a  dead  lustre  are  first  gilt  with  the  amalgam ;  the  article  is  then 
heated,  scratch-brushed,  and  re-heated  to  the  orange-yellow  colour. 
Then,  with  the  battery,  a  sufficientiy  strong  gold  deposit  is  given  to 
the  whole,  without  regard  to  the  parts  already  mercury-gilt.  AU  the 
surfaces  are  next  carefully  scratch-brushed,  and  the  electro-gilt  por- 
tions are  brushed  over,  first  with  a  thin  mixture  of  water,  glue,  and 
Spanish  white,  and  afterwards  with  a  thick  paste  of  yellow  clay. 
After  drying,  the  mercury -gilt  portions  are  covered  with  the  paste 
for  dead-gilding  (alum,  nitre,  &c.),  and  the  article  heated  until  the 
salts  fuse,  when  it  is  plunged  into  water  and  treated  as  above. 

Boeeleur,  however,  considers  this  method  open  to  several  objections, 
among  which  is,  red  spots  are  apt  to  be  produced  upon  such  places  as 
may  have  been  too  much  heated,  or  where  the  g^ld  has  not  been  suffi- 
cientiy thick.  He  recommends  the  following  by  preference :  '*Gild 
with  amalgam,  and  bring  up  the  dead  lustre  upon  those  jmrtions 
which  are  to  receive  it,  and  preserve  [protect]  them  entirely  with  a 
stopping-ofif  varnish.    After  thorough  drying,  cleanse  the  object  by 
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dipping  it  into  acida  in  the  usual  manner,  and  gild  in  the  electro- 
bath.  The  vamiBh  withstands  all  these  acids  and  solutions.  When 
the  desired  shade  is  obtained,  dissolve  the  varnish  with  gasoline  or 
benzine,  which,  unless  there  has  been  friction  applied,  do  not  injure 
in  any  waj  either  the  shade  or  velvety  appearance  of  the  dead  lustre. 
Wash  in  a  hot  solution  of  cyanide  of  potassium,  then  in  boiling  water, 
and  allow  to  dry  naturally.  .  .  .  G-Hding  with  dead  lustre,  whatever 
process  be  employed,  suits  only  those  objects  which  will  never  be  sub- 
jected to  friction  ;  even  the  contact  of  the  fingers  injures  it." 

OUdlBiT  Bronses  wltb  Amalgam. — The  article  is  first  annealed 
very  carefully,  as  follows :  The  gilder  sets  the  piece  upon  burning 
charcoal,  or  peat,  which  yields  a  more  lively  and  equal  flame,  covering 
it  up  so  that  it  may  be  oxidised  as  little  as  possible,  and  taking  oare 
that  the  thinner  parts  do  not  receive  an  imdue  amount  of  heat.  This 
operation  is  performed  in  a  dark  room,  so  that  the  workman  may  see 
when  the  desired  cherry-red  heat  is  reached.  He  then  lifts  the  piece 
from  the  fire,  and  sets  it  aside  to  cool  in  the  air  g^radually.  When 
cold,  the  article  is  steeped  in  a  weak  sulphuric  acid  pickle,  which 
removes  or  loosens  the  coating  of  oxide.  To  aid  this  he  rubs  it  with 
a  stiff  and  hard  brush.  When  the  article  has  been  thus  rendered 
bright,  though  it  may  appear  uniform,  it  is  dipped  in  nitric  aoid  and 
nnsed,  and  ag^in  rubbed  with  a  long-haired  brush.  After  washing 
in  clean  water,  it  is  dried  in  hot  sawdust  or  bran.  This  treatment 
somewhat  reduces  the  brightness  of  the  surface,  which  is  favour- 
able to  the  adhesion  of  the  gold.  The  amalgam  is  next  applied  with 
the  scratch-brush,  as  before,  and  the  object  then  heated  to  expel  the 
mercury.  If  required  to  be  dead,  it  is  treated  with  the  oolouring- 
salts,  as  before  described. 

Ormonln  Colour. — To  obtain  this  fine  colour  upon  bronze  or  other 
work,  the  gilt  object  is  first  lightly  scratch-brushed,  and  then  made 
to  cotne  back  again  ^  as  it  is  termed,  by  heating  it  more  strongly  than  if 
it  were  to  be  left  dead,  and  then  allowed  to  cool  a  little.  The  oimoulu 
colouring  is  a  mixture  of  hematite  (peroxide  of  iron),  alum,  and  sea- 
salt,  made  into  a  thin  paste  with  vinegar,  and  applied  with  a  brush 
until  the  whole  of  the  gilded  surface  is  covered,  except  such  parts  as 
are  required  to  be  burnished.  The  object  is  then  heated  until  it 
begins  to  blacken,  the  proper  heat  being  known  by  water  sprinkled 
over  it  producing  a  hissing  noise.  It  is  next  removed  from  the  fire, 
plunged  into  cold  water,  and  washed,  and  afterwards  rubbed  with  a 
brush  dipped  in  vineg^  if  the  object  be  smooth,  but  if  it  be  chased, 
dilute  nitric  acid  is  employed  for  this  purpose.  The  article  is  finally 
washed  in  clean  water,  and  dried  at  a  gentle  heat. 

Sed  (iold  Oolonr. — To  produce  this  colour,  the  composition  known 
as  gUdert*  wax  is  used.  The  article,  after  being  coated  with  amalgam^ 
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ifl  heated,  and  while  stOl  hot  is  soBpended  by  an  iron  wire,  and 
ooated  with  guilders'  wax,  a  composition  of  beeswax,  red  ochre,  ver- 
digris,  and  alum.  It  is  then  strongly  heated  over  the  flame  of  a  wood 
fire ;  sometimes  small  quantities  of  the  gilders*  wax  are  thrown  into 
the  fire  to  promote  the  burning  of  the  fuel.  The  object  is  turned 
about  in  every  direction,  so  as  to  render  the  action  of  the  heat  uni- 
form. As  soon  as  all  the  wax  has  become  burnt  off,  the  flame  is 
put  out,  and  the  article  plunged  into  cold  water,  weU  washed,  and 
brushed  oyer  with  a  scratch -brush  and  pure  yinegar.  Should  the 
colour  not  be  uniform  or  sufficiently  good,  the  article  must  be  coated 
with  yerdigris  dissolved  in  vinegar,  dried  over  a  gentle  fire,  then 
plunged  into  cold  water  and  brushed  over  with  vinegar  ;  and  if  the 
colour  is  of  too  deep  a  tone,  dilute  nitric  acid  may  be  substituted  for 
the  vinegar.  After  well  washing,  the  article  is  burnished,  then  again 
washed,  and  finally  wiped  with  soft  linen  rag,  and  lastly  dried  at  a 
gentle  heat. 

Ormonlii. — ^The  beautiful  surface  noticeable  on  French  clocks  and 
other  ornamental  work  is  produced  by  the  process  called  ormouiu. 
The  article  is  first  g^t,  and  afterwards  scratch-brushed.  It  is  then 
coated  with  the  thin  paste  of  saltpetre,  alum,  and  oxide  of  iron  before 
mentioned,  the  ingredients  being  reduped  to  a  fine  powder,  and 
worked  up  into  a  paste  with  a  solution  of  safEron,  annatto,  or  other 
colouring  matter,  according  to  the  tint  required,  whether  red  or 
yellow.  When  the  gilding  is  strong,  the  article  is  heated  until  the 
coating  of  the  above  mixture  curls  over  by  being  touched  with  a  wet 
finger.  But  when  the  gilding  is  only  a  slight  film  of  gold,  the  mix- 
ture is  merely  allowed  to  remain  upon  the  article  for  a  few  minutes. 
In  both  cases,  the  article  is  quickly  washed  with  warm  water  containing 
in  suspension  a  certain  quantity  of  the  materials  referred  to.  The  article 
must  not  be  dried  without  washing.  Such  parts  as  may  have  acquired 
too  deep  a  colour  are  afterwards  struck  with  a  brush  made  with  long 
bristies.  By  a  series  of  vertical  strokes  with  the  brush  the  uniformity 
of  surface  is  produced.  If  the  first  operation  has  not  been  successful, 
the  colouring  is  removed  by  dipping  the  article  in  dilute  sulphuric 
acid,  and  after  well  rinsing,  the  operation  is  repeated  until  the  desired 
effect  is  obtained. 

£ed  Ormouiu  is  produced  by  employing  a  mixture  composed  of  alum 
and  nitre,  of  each  30  parts  ;  sulphate  of  zinc,  8  parts ;  common  salt, 
3  parts ;  red  ochre,  28  parts ;  and  sulphate  of  iron,  i  part.  To  this 
may  be  added  a  small  quantity  of  annatto,  madder,  or  other  colouring 
matter,  g^round  in  water. 

Yellow  Ormouiu  is  produced  by  the  following :  red  ochre,  1 7  ; 
potash  alum,  50 ;  sulphate  of  zinc,  10 ;  common  salt,  3 ;  and  salt- 
petze  20  parts,  made  up  into  a  paste  as  before. 
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Dead  Ormoulu^  for  clocks,  is  composed  of  saltpetre,  37  ;  alum,  42 ; 
common  salt,  12  ;  powdered  glass  and  sulphate  of  lime,  4  ;  and  water, 
5  parts.  The  whole  of  these  substances  are  to  be  well  ground  and 
mixed  with  water. 

Oildera'  Wax^  for  producing  a  rich  colour  upon  g^t  work,  is  made 
from  oil  and  yellow  wax,  of  each  25  parts;  acetate  of  copper,  13  parts; 
and  red  ochre,  37  parts.  The  oil  and  wax  aro  to  be  united  by  melt- 
ing, and  the  substances,  after  being  well  pulverised,  added  gradually. 

ITotes  on  OMldlns- — When  gilding  single  small  articles,  it  is  a 
gpood  plan  to  hold  the  anode  by  its  conducting  wire  in  the  left  hand, 
so  as  to  be  able  to  control  the  amount  of  surface  to  be  immersed  in 
the  bath,  which  must  be  considerably  lees  (with  hot  solutions 
especially)  than  that  of  the  article  to  be  gilt.  The  object  being  slung 
by  thin  copper  wire,  the  free  end  of  the  wire  is  to  be  twisted  round 
the  negative  electrode  (the  wire  issuing  from  the  zinc  of  the  battery), 
and  the  article  then  dipped  into  the  bath.  The  article  should 
gradually  become  coated,  that  is,  in  a  few  seconds,  but  not  immediately 
after  it  is  immersed.  Gentle  motum  will  secure  an  tmiform  deposit. 
After  the  article  has  become  gfilt  all  over,  the  anode  may  be  lowered  a 
little  deeper  into  the  bath,  and  the  gfentle  motion  of  the  article  kept 
up  for  a  short  time,  say  from  three  to  five  minutes,  or  until  it  appears 
to  be  fairly  coated.  The  length  of  time  the  article  is  to  remain  in  the 
bath  must  be  regulated  by  the  price  to  be  paid  for  the  g^ding.  If  a 
really  gr^xMl  gilding  is  required,  it  may  be  necessary,  after  about  five 
minutes*  immersion,  to  rescratch-brush  the  article,  dip  it  in  the  mer- 
curial solution  for  a  moment,  or  until  it  is  white,  and  then,  after  well 
rinsing,  gfive  it  a  second  coating.  Ordinary  gilding,  however,  is 
generally  accomplished  in  a  single  immersion. 

1,  Gilding  Jewellery  Articles. — Ohaios,  brooches,  rings,  pins,  and 
other  small  articles  of  silver  or  metal  jewellery  should  first  be  slung 
upon  thin  copper  wiro,  then  dipped  for  a  few  moments  only  in  a  warm 
potash  bath.  The  articles  are  then  to  be  rinsed  in  warm  water  and 
scratch-brushed,  after  which  they  are  again  rinsed,  and  at  once 
immersed  in  the  gold  bath.  When  sufficientiy  gfilt,  the  work  should 
be  rinsed  in  a  vessel  kept  specially  for  the  first  rinsing,  which  should 
be  saved,  and  afterwards  in  clean  water.  It  is  then  to  be  properly 
scratch-brushed,  and  plunged  into  hot  water  ;  next  shaken  about  to 
remove  as  much  water  as  possible,  and  finally  put  into  warm  boxwood 
sawdust.  After  moving  it  about  in  the  boxdust  for  a  few  moments, 
the  artide  requires  to  be  shaken  or  knocked  against  the  palm  of  the 
hand,  to  dislodge  the  sawdust.  It  is  now  ready  to  be  wrapped  up  for 
the  customer,  pink  tissue  paper  being  preferable  for  gilt  work,  and 
blue  or  white  tissue  paper  for  silver  or  plated  work. 

2.  Treatment  of  Gilding  Solutions. — ^When  the  gilding  bath  has  been 
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heated  for  a  few  hours,  it  will  have  lost  a  considerable  proportion  of 
its  water,  which  must  be  made  up  bj  adding  an  equivalent  of  hot 
water.  If  this  is  not  done,  the  bath,  being  stronger  than  it  was 
origpinallj,  will  probably  3rield  a  non-adhering  deposit,  and  the  gold 
m&j  strip  oif  the  work  under  the  soratoh-bmsh.  The  solution  should 
be  kept  up  to  its  standard  height  in  the  gpilding  vessel  by  frequent 
additions  of  hot  water  during  the  whole  time  it  is  subjected  to  evapo- 
ration by  the  gas-burner,  or  other  heating  medium.  The  solution- 
line  of  the  bath  should  be  marked  upon  the  inside  of  the  vessel  when 
the  liquid  is  first  poured  in. 

4.  Gilding  different  Metals, — Silver  and  metal  articles  should  not  be 
dung  upon  the  same  wire  and  immersed  in  the  bath  at  the  same  time, 
sinoe  brass,  gilding  metal,  and  copper  receive  the  deposit  more  readily 
than  silver.  The  latter  metal  should  first  receive  a  coating,  after 
which,  if  time  is  an  object,  the  metal  articles  may  be  placed  in  the 
bath  with  the  partly-gilt  silver  articles. 

5.  En^layment  of  Impure  Gold. — When  it  is  desired  to  make  up  a  gold 
solution  from  impure  material,  as  from  *'  old  gold,"  for  instance,  the 
alloy  should  first  be  treated  as  follows :  To  i  ounce  of  the  alloyed 
gold,  if  of  good  quality — say  18 -carat  gold,  for  example — add  2  ounces 
of  silver,  which  should  not  be  below  standard ;  melt  them  in  a  crucible 
with  a  little  borax,  as  a  flux.  When  the  alloy  is  thoroughly  melted 
it  is  to  be  poured  into  a  deep  vessel  containing  cold  water,  which 
must  be  briskly  stirred  in  one  directum,  while  the  molten  alloy  is  being 
poured  in.  This  operation,  termed  granulation,  causes  the  metal  to 
assume  the  form  of  small  lumps,  or  grains,  as  they 

are  called.  The  water  is  now  to  be  poured  off  and 
the  g^ins  of  alloy  collected  and  placed  in  a  flask, 
such  as  is  shown  in  Fig.  70.  To  remove  the  silver 
and  copper  from  the  granulated  metal,  a  mixture  of 
two  parts  water  and  one  part  strong  nitric  acid  is 
poured  into  the  flask,  which  is  then  placed  on  a 
sand-bath,  moderately  heated,  until  the  red  fumes 
which  at  first  appear  have  ceased  to  be  visible 
in  the  bulb  of  the  vessel.     The  clear  liquid  is  now  ^'S*  7^' 

to  be  carefully  poured  off  into  a  suitable  vessel — a 
glass  *' beaker,'*  such  as  is  shown  in  Fig.  78,  being  a  convenient 
vessel  for  the  purpose.  A  small  quantity  of  the  dilute  acid  should 
then  be  poured  into  the  flask,  and  heat  again  applied,  in  order  to 
remove  any  remaining  copper  or  silver.  If,  on  the  addition  of  the 
fresh  acid,  red  fumes  do  not  appear  in  the  flask  the  operation  is  com- 
plete, and  the  grains  of  metal  will  have  assumed  a  dark  brown  colour. 
The  acid  must  now  be  poured  off,  and  the  grains  well  washed,  while 
in  the  flask,  with  distilled  water.     The  residuum  is  pure  gold  and 
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may  be  at  once  dissolved  in  aqua  regia,  and  treated  in  the  same  way 
as  reoommended  for  ordinary  g^rain  gold.  The  silver  may  readily  be 
recovered  from  the  decanted  liquor,  which,  owing  to  the  presence  of 
copper  removed  from  the  orig^al  alloy,  will  be  of  a  green  colour,  by 
immersing  in  it  a  strip  of  stout  sheet  copper,  which  in  the  course  of  a 
few  hours  will  reduce  the  silver  to  the  metallic  state,  in  the  form  of  a 
grey,  spongy  mass.  When  all  the  silver  is  thus  thrown  down,  the 
green  liquor  is  to  be  poured  off  and  the  silver  deposit  well  washed  with 
hot  water.  Being  now  pure  silver,  it  may  be  used  for  making  up 
solution,  or  fused  with  dried  carbonate  of  potash  into  a  button. 

6.  Oilding  Filigree  Work. — Silver  filigree  work  which  has  been  an- 
nealed and  pickled  assumes  a  dead-white  surface,  which  does  not 
readily  **  take  *'  the  g^ding  unless  the  bath  is  rich  in  gold  and  free 
cyanide,  and  the  current  strong.  If  such  parts  of  the  article  as  can 
bQ  reached  by  the  scratch-brush  are  brightened  by  this  means,  the 
interstices  which  have  escaped  the  action  of  the  brush  will  sometimes  be 
troublesome  to  gild,  while  the  brightened  parts  will  readily  receive 
the  deposit.  In  this  case,  if  the  bath  is  wanting  in  free  cyanide,  an 
addition  of  this  substance  must  be  made,  and  the  article  must  be  kept 
rather  briskly  moved  about  in  the  solution,  and  a  g^)od  surface  of 
anode  immersed  until  the  dead- white  portions  of  the  article  are  gilt. 
The  anode  may  then  be  raised  a  little,  and  the  piece  of  work  allowed 
to  rest  in  the  bath,  without  movement,  until  the  desired  colour  and 
thickness  of  coating  are  obtained.  Some  persons  prefer  dipping  this 
kind  of  work  in  the  mereury  solution  before  gilding,  by  which  a  more 
uniform  deposit  is  obtained.  This  plan  is  useful  when  the  gold  bath 
has  been  recently  prepared.  It  must  not  be  forgotten,  however, 
that  in  gilding  filigree  work  the  battery  current  must  be  brisk. 

7.  Oilding  Insidea  of  Ve$8els. — It  sometimes  happens,  when  gilding  the 
interior  of  silver  or  electro-plated  tankards,  mugs,  &c.,  which  have 
been  highly  embossed  or  chased,  that  the  gold,  while  depositing 
freely  upon  the  prominent  parts,  refuses  to  deposit  in  the  hollows. 
To  overcome  this,  and  to  render  the  deposit  uniform,  the  solution 
should  be  well  charged  with  free  cyanide ;  the  current  must  be  of 
high  tension  (a  Bunsen,  for  example),  and  the  anode  should  be  kept 
in  motion  during  the  first  few  moments.  In  this  way  very  little 
trouble  will  be  experienced  from  the  causes  referred  to.  It  is  im- 
portant, however,  that  insides  of  such  embossed  work  should  be  very 
thoroughly  scratch -brushed  in  the  first  instance  ;  indeed,  as  a  mecha- 
nical assistant,  the  scratch -brush  lathe  is  the  gilder's  best  friend. 

8.  Old  Soluliona. — When  a  gold  solution  has  been  much  used 
it  acquires  a  dark  colour,  from  being  contaminated  by  impurities 
as  beer  from  the  scratch -brush  lathe,  &c.,  and  in  this  condition 
IB  likely  to  yield   a  deposit  of  a  dull  red-brown   colour,  which. 
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while  being  favoiirable  to  oertain  dassee  of  work  which  can  bereadOj 
got  at  by  the  scratch -brush,  is  very  objectionable  to  articles  of  jeweUeiy 
whioh  are  required  to  present  a  dear  orange-yeUow  colour  in  aU  parts, 
indnding  the  interstioes  and  soldered  joints  which  cannot  be  reached 
by  the  lathe-brash.  When  the  solution  is  in  this  condition  we  hare 
found  itadYantageous  to  evaporate  it  to  dryness,  then  to  re-dissdre  it 
in  hot  distilled  water,  filter  the  solution  when  cold,  and  add  a  small 
proportion  of  free  cyanide,  finally  making  up  the  bath  to  about  three- 
fourths  of  its  original  rolume.  llie  solution  thus  treated  yidds  a  rery 
ridi  colour  in  gilding.  It  is  necessary  to  mention,  however,  that  gold 
solutions  which  have  been  prepared  by  precipitating  the  g^ld  from  its 
chloride  with  ammonia  should  not  be  evaporated  to  dryness,  since  the 
explosive  fulminate  of  gold  may  be  present  to  some  extent,  which 
would  render  the  operation  hazardous. 

9.  Management  of  Oold  Bath$. — ^The  colour  of  the  gilding  may  be 
varied  from  a  pale  straw  or  lemon  colour  to  a  dark  orange-red  at  the  will 
of  the  operator ;  thus,  when  the  solution  is  cold,  a  pale  lemon-coloured 
deposit  will  be  obtained.  If  the  bath  be  warm,  a  very  small  surface 
of  anode  exposed  in  the  solution,  and  the  article  kept  in  brisk  motion, 
the  deposit  will  also  be  of  a  pale  colour.  If,  on  the  other  hand,  there 
be  a  large  excess  of  cyanide  in  the  bath,  a  considerable  surface  of 
anode  immersed  and  a  strong  current,  the  gilding  will  be  of  a  dark 
red  colour,  approaching  a  brown  tone,  and  the  article,  when  scratch- 
brushed,  will  assume  a  rich  orange-yellow  colour,  specially  suited  to 
oertain  classes  of  work,  as  the  insides  of  cream-ewers,  giblets,  &c.,  and 
diaSnsof  various  kinds.  In  order  to  obtain  uniform  results  in  any  desired 
shade,  when  gilding  a  large  number  of  articles  of  the  same  class,  care 
must  be  exercised  to  keep  the  temperature  of  the  bath  uniform ;  the 
anode  surface  immersed  in  the  solution  the  same  for  each  batch  of 
work,  consisting  of  an  equal  number  of  pieces  of  the  same  dimensions ; 
the  battery  current  as  uniform  as  possible,  and,  lastly,  fresh  additions 
of  warm  distilled  water  must  be  added  frequently  to  the  bath  to  make 
up  for  loss  by  evaporation.  If  these  points  be  observed  there  will  be 
no  trouble  in  obtaining  uniform  results.  It  is  scarody  necessary  to 
state  that  a  large  bulk  of  gilding  solution  will  keep  in  an  uniform 
condition  for  a  longer  period  than  a  smaller  quantity,  since  the  effect 
of  evaporation  is  less  marked  than  in  the  latter  case. 

10.  Worn  Anodet. — It  is  not  advisable  to  employ  anodes  which  have 
become  ragged  at  the  edges  for  gilding  the  insides  of  vessels,  since 
particles  of  the  metal  are  liable  to  be  didodged  during  the  gfilding 
ptDcees,  and,  falling  to  the  bottom  of  the  vessd,  protect  those  parts 
upon  which  they  drop  from  receiving  the  depodt ;  indeed,  the  smaller 
ffmgments  will  sometimes  become  electro'soldered  to  the  bottom  of  the 
vessel,  causing  some  trouble  to  remove  them.     When  the  edges  of  an 
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anode  are  very  ragged  it  is  well  to  trim  them  with  shean  or  a  pair  of 
sharp  Boissors  before  usmg  the  anode  for  g^ding  insides.  The  anode 
should  always  be  formed  into  a  cylinder,  and  not  used  as  a  flat  plate 
for  these  purposes,  otherwise  the  deposition  will  be  irregular,  and  the 
hollow  surfaces  of  chased  or  embossed  work  may  not  receive  the 
deposit  at  all. 

1 1 .  Defect*  in  Gilding. — When  the  gold  becomes  partially  dissolved  off 
portions  of  an  article  while  in  the  gilding-bath,  it  generally  indicates 
that  there  is  too  great  an  excess  of  cyanide  in  the  solution.  The  same 
defect,  however,  may  be  caused  by  the  current  being  too  weak,  the 
liquid  poor  in  gold,  too  small  a  surface  of  anode  in  the  solution,  or 
by  keeping  the  articles  too  briskly  in  motion  in  a  bath  containing  a 
largB  excess  of  cyanide.  Before  attempting  an  alteration  of  the  solu- 
tion, the  battery  should  be  looked  to,  and,  if  necessary,  its  exciting 
liquids  renewed.  The  solution  should  then  be  well  stirred  and  tried 
again  ;  if  the  same  defect  is  observed  an  addition  of  chloride  of  gold 
should  be  made  to  the  bath  to  overcome  the  excess  of  cyanide.  If  the 
deposit  is  of  a  very  dark  red  colour,  and  of  a  dull  appearance,  this 
may  be  caused  by  employing  too  strong  a  current,  by  excess  of  cyanide, 
or  too  g^reat  a  quantity  of  gold  in  the  bath.  If  from  the  latter  causes, 
the  solution  must  be  diluted  ;  if  from  the  former,  the  articles  should 
be  suspended  by  a  very  thin  slinging  wire,  or  the  positive  element 
of  the  battery  partially  raised  out  of  the  battery-cell. 

12.  Gilding  Pewter  Solder. — Gonmion  jewellery  is  frequently  repaired 
with  pewter  solder,  which  does  not  so  readily  take  the  g^ding  as  the 
other  parts.  A  g;YX>d  plan  to  overcome  this  is  first  to  well  scratch- 
brush  the  articles,  after  which  the  solder  may  be  treated  as  follows : 
Make  a  weak  acid  solution  of  sulphate  of  copper,  dip  a  camel-hair 
brush  into  the  solution  and  apply  it  to  the  soldered  joint,  and  at  the 
same  time  touch  the  spot  with  a  steel  point ;  in  a  few  seconds  the 
solder  will  become  coated  with  a  bright  deposit  of  copper.  Now  rinse 
the  article,  and  proceed  to  the  gilding  as  usual,  when  it  will  be  found 
that  the  soldered  part  upon  which  the  film  of  copper  has  been  deposited 
will  readily  receive  a  coating  of  gold,  more  readily,  in  fact,  than  the 
body  of  the  article  itself.  The  article,  when  gilt,  is  then  scratch- 
brushed  and  treated  as  usual.  The  copper  solution  for  the  above 
purpose  may  be  prepared  by  dissolving  about  \  oz.  of  sulphate  of 
copper  in  \  pint  of  water,  and  adding  to  the  solution  about  \  oz.  of 
oil  of  vitriol. 

13.  Gilding  Cheap  Jewellery. — ^This  class  of  work,  whether  of  French 
or  Birmingham  manufacture,  seldom  requires  more  than  a  mere  dip  to 
meet  the  requirements  of  the  customer  ;  indeed,  the  prices  obtainable 
for  gilding  articles  of  this  character  will  not  admit  of  gilding  in  the 
pioper  sense  of  the  term.    In  France  it  is  usual  to  employ  a  platinum 
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anode,  and  to  renew  the  gilding  solution  as  it  becomes  exhausted  of 
its  metal  by  fresh  additions  of  gold  salt.  The  author  has  found  it  a 
▼617  economical  plan  to  use  a  copper  anode  for  gilding  work  of  this 
description,  and  by  making  small  additions  of  chloride  of  gold  when 
the  bath  exhibited  signs  of  weakness,  he  has  been  able  to  gild  a  yeiy 
large  number  of  articles,  of  a  very  fine  colour,  with  an  infinitesimal 
amount  of  the  precious  metal.  The  only  preparation  such  work 
recelTed  was  a  good  scratch-brushiag  before  gilding,  and  a  very 
slight  scratch-brushing  after.  In  his  experience,  although  the  prices 
weie  very  low,  the  result  was  exceedingly  profitable.  Against  the 
employment  of  a  copper  anode,  it  has  been  argued  that  the  solution 
must  of  necessity  become  highly  impregnated  with  copper.  To 
which  we  may  reply  that  we  did  not  find  such  to  be  the  case  in 
praotioe. 

14.  OUding  German  Silver. — Since  this  alloy  of  copper,  &c.,  will  gene- 
rally receive  a  coating  of  g^ld  in  ordinary  cyanide  solution,  without  the 
aid  of  the  battery,  the  solution  should  be  somewhat  weaker,  and  the 
battery  current  also,  otherwise  the  gold  will  not  firmly  adhere.  The 
temperature  of  the  solution  should  also  be  lower  than  is  required  for 
gilding  articles  of  silver  or  electro-plate.  When  German  silver  articles 
are  first  placed  in  the  gilding-bath  a  small  surface  of  anode  only  should 
be  immersed,  and  the  deposit  allowed  to  take  place  gradttally.  If  these 
precautions  be  not  observed  the  operator  may  suffer  the  annoyance  of 
finding  the  work  strip  when  the  scratch-brush  is  applied,  or  at  all 
events  under  the  operation  of  burnishing. 

15.  Stripping  Gold  from  Silver. — This  may  be  done  by  making  the 
article  the  anode  in  a  strong  solution  of  cyanide  of  potassium,  or  in  an 
old  gold  solution  containing  a  moderate  amount  of  free  cyanide.  A 
quicker  process,  however,  consists  in  immersing  the  articles  in  strong 
nitric  acid,  to  which  a  little  dry  common  salt  is  added.  Care  must  be 
taken  not  to  allow  the  article  to  remain  in  the  stripping  solution  one 
moment  after  the  gold  has  been  removed,  and  the  articles  should  be 
moved  about  in  the  liquid,  especially  towards  the  close  of  the  opera- 
tion, to  facilitate  the  solution  of  the  gold  from  the  surface.  The  gold 
may  afterwards  be  recovered  from  the  exhausted  acid  bath  by  im- 
mersing in  it  several  stout  pieces  of  sheet  zinc  or  iron,  which  will 
precipitate  the  gfold  in  the  metallic  state,  and  this  may  be  collected, 
dried,  and  fused  with  a  little  dried  carbonate  of  potash.  Or  the 
exhausted  stripping  solution  may  be  evaporated  to  dryness,  and  the 
reeidnum  fused  with  dried  carbonate  of  potash  or  soda,  a  little  nitre 
being  added  towards  the  end  of  the  operation,  to  refine  it  more 
completely. 

16.  Spuriotis  Gold — ^^ Mystery  Gold. ' ' — Many  attempts  have  been  made 
from  time  to  time  to  form  an  alloy  which,  having  somewhat  the  colour 
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of  gold,  would  also  withstand  the  action  of  the  usual  test  for  gold — 
nitric  acid.  The  introduction  of  the  electro-gilding  art  greatlf 
favoured  such  unscrupulous  persons  as  desired  to  prey  upon  the  publio 
by  selling  as  gold  electro-gilt  articles,  which  had  not  a  fraction  of  the 
predous  metal  in  their  composition.  An  alloy  of  this  kind  entered  the 
market  many  years  ago,  in  the  form  of  watch-chains  and  other  artlulea 
of  jewellery,  ^e  composition  of  which  was,  copper  i6  parts,  platinum 
7  parts,  and  zinc  i  part.  This  alloy,  when  carefully  prepared,  beam 
a  dose  resemblance  to  i6-car^t  gold,  and  when  electro-gilt  would 
readily  pass  for  the  genuine  article.  The  manufacture  of  this  yariety 
of  spurious  g^ld  seems  to  have  received  a  check  for  a  certain  period ; 
but  somewhat  recently,  in  a  modified  formula,  it  has  reappeared,  not 
only  in  the  form  of  articles  of  jewellery,  but  actually  as  current  coin, 
and  from  its  highly  deceptive  character,  being  able  to  resist  the  usual 
test,  it  has  acquired  the  name  of  **  Mystery  Grold."  It  appears  that, 
when  converted  into  jewellery,  the  chief  aim  of  the  *^  manufacturers  " 
is  to  defraud  pawnbrokers,  to  whom  the  articles  are  offered  in  pledge ; 
and,  since  they  readily  withstand  the  nitric  acid  test,  the  *'  tnmaao- 
tions  "  are  often  successful.  According  to  Mr.  W.  F.  Love,  in  a 
oommunication  to  the  Chemical  News,  a  bracelet  made  from  an  alloy  of 
this  character  had  been  sold  to  a  gentleman  in  Liverpool,  and  when 
the  gilding  was  removed  the  aUoy  presented  the  colour  of  9-oarat 
gold.  The  qualitative  analysis  proved  it  to  be  composed  of  platinum, 
copper,  and  a  little  silver.  A  quantitative  analysis  yielded  the  following 
result: — 

Silver 2*48 

Platinum 32'02 

Copper  (by  difference) 65*50 

It  was  found  that  strong  boiling  nitric  acid  had  apparently  no  effect 
upon  it,  even  when  kept  in  the  acid  for  some  time. 

17.  Oilding  Watch  Dials. — To  prepare  a  silver  watch  dial  (for  ex- 
ample) for  gilding,  it  should  be  laid,  face  upward,  upon  a  flat  piece 
of  cork,  and  the  face  then  gently  rubbed  all  over  with  powdered 
pumice,  sifted  through  a  piece  of  fine  muslin,  and  slightly  moistened 
with  water,  using  the  end  of  the  third  finger  of  the  right  hand  for  the 
purpose.  The  fing^  being  dipped  in  the  pumice  paste,  should  be 
worked  with  a  rotary  motion  over  the  surface  of  the  dial,  so  as  to  pro- 
duce a  perfectly  imiform  and  soft  dulness.  When  this  is  done,  a 
piece  of  copper  slinging  wire  is  passed  through  the  centre  hole  of 
the  dial,  and  formed  into  a  loop  ;  the  dial  is  then  to  be  rinsed,  and 
placed  in  the  bath,  care  being  taken  not  to  touch  the  face  of  the 
article  either  before  or  after  g^ding,  except  in  the  way  indicated. 
The  dial  must  afterwards  be  repainted. 
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18.  Gilding  aolutions  which  have  been  worked  with  but  a  small 
excess  of  cyanide  are  apt  to  deposit  more  gold  than  is  dissolved  from 
the  anode,  by  which  the  action  of  the  bath  becomes  lessened,  while  the 
colour  of  the  gilding  is  indifferent.  It  must  always  be  borne  in  mind 
that  in  all  cyanide  solutions,  but  more  especially  such  as  are  worked 
hot,  the  cyanide  of  potassium  gradually  becomes  converted  into  car- 
bonate of  potassium  by  the  action  of  the  atmosphere,  and  therefore 
loses  its  solvent  power. 

19.  For  producing  a  dead  or  matted  surface  upon  brass  articles  of 
jewdlery,  as  brooches,  lockets,  &c.,  they  are  first  dipped  for  an 
instant  in  a  mixture  composed  of  equal  parts  of  sulphuric  and  nitric 
acids,  to  which  a  small  quantity  of  common  salt  is  added,  and  imme- 
diately plunged  into  cold  water.  After  being  rinsed  in  one  or  two 
other  waters,  they  are  promptly  immersed  in  the  gOding-bath,  in 
which,  after  a  moment's  immendon,  they  acquire  the  desired  colour  of 
gold.  After  rinsing  in  hot  water,  they  are  finally  dried  in  hot  box- 
wood sawdust.  In  treating  thii  class  of  work,  care  should  be  taken 
to  avoid  handling  the  pieces  ;  after  they  have  been  removed  from  the 
sawdust  they  should  be  at  once  wrapped  up  ready  for  delivery. 

20.  When  it  is  desired  to  give  a  stout  coating  of  gold  to  an  article, 
it  should  be  occasionally  removed  from  the  g^ding-bath,  then  scratch- 
brushed,  rinsed,  and  returned  to  the  bath.  If  the  article  were  allowed 
to  remain  in  the  bath  undisturbed  imtil  a  thick  coating  was  deposited, 
the  surface  would  probably  be  rough  and  crystalline,  and  moreover 
liable  to  strip  when  being  scratch-brushed.  It  is  sometimes  the  prao- 
tioe  to  dip  the  article  for  an  instant  in  the  quicking  solution  after 
each  gilding,  by  which  the  respective  layers  of  gold  are  less  apt  to 
separate  in  scratch-brushing  or  burnishing. 

21.  The  wires  used  for  slinging  articlen  in  the  gilding-bath  should, 
never  be  reversed,  but  one  end  only  employed  for  suspending  the 
articles,  the  other  being  used  for  connection  with  the  negative  elec- 
trode of  the  battery.  By  adopting  this  system,  the  gold  deposited 
upon  the  ends  of  the  sling^g  wires  is  less  liable  to  become  wasted 
than  when  both  ends  of  the  wires  are  used  indiscriminately.  After 
the  slinging  wires  have  been  used  a  few  times,  and  before  the  g^ld 
upon  them  begins  to  chip  or  peel  off,  they  should  be  carefully  laid 
aside,  with  all  the  gilt  ends  in  one  direction,  so  that  the  gold  may 
be  removed,  by  stripping,  at  any  convenient  time.  After  stripping  off 
the  gold,  the  wires  should  be  annealed,  then  pulled  out  straight,  and 
placed  in  bundles.  Before  being  again  used,  each  end  of  the  bundle 
of  wires  should  be  dipped  for  a  few  moments  in  an  old  dipping- bath, 
and  then  rinsed,  when  they  will  be  ready  for  future  use.  It  is  better  to 
treat  slinging-wires  thus  carefuUy  than  to  suffer  them — which  is 
commonly  the  case — to  be  scattered  about. 
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22.  Gilding  Lead,  Britannia  Metal,  <^r. — ^When  artioleB  oompoeed  of 
lead,  tin,  Britannia  metal,  iron,  or  steel  are  required  to  be  g^t,  it  ia 
best  to  give  them  a  preliminary  coating  of  copper  in  an  alkaline  bath, 
or  to  electro-brass  them,  after  which  they  may  be  gilt  with  perfect 
ease,  and  with  but  little  liability  to  strip  when  scratch-bnished.  The 
softer  metals,  however,  will  require  to  be  bnmiahed  with  great  care, 
owing  to  their  yielding  nature  under  the  pressure  of  the  burnishing 
tools.  The  same  observation  also  applies,  inyersely,  to  silvered  or 
gilt  steel  work,  in  which  case  the  superior  metals,  being  softer  than 
steel,  become  expanded  under  the  influence  of  the  burnishing  tools, 
and  are  consequently  liable  to  become  separated,  in  blisters,  from  the 
underlying  harder  metal. 

23.  Excess  of  Cyanide  Injurioits. — When  a  newly  prejMured  gilding 
solution  is  first  used  (hot),  the  deposit  is  usually  of  a  rich,  fine  gold 
colour,  if  a  sufficient  quantity  of  free  cyanide  has  been  employed  in 
its  preparation,  a  proper  surface  of  anode  immersed  in  the  solution, 
and  the  current  brisk.  If,  on  the  other  hand,  the  colour  is  pale — ^that 
is  yellow,  without  the  characteristic  orange  tint — this  indicates  that 
one  or  other  of  the  above  conditions  is  wanting.  Before  venturing 
to  increase  the  amount  of  free  cyanide,  the  condition  of  the  battery 
should  be  examined,  the  temperature  of  the  solution  raised  a  littie, 
and  a  larger  anode  surface  immersed,  when,  if  the  solution  still  yields 
a  light-coloured  deposit,  an  addition  of  strong  cyanide  solution  must 
be  given  gradually  until  the  gilding  assumes  the  proper  orang^e-yellow 
colour.  The  addition  of  cyanide  must  always  be  made  with  caution, 
for  if  too  great  an  excess  be  applied,  the  solution  is  apt  to  jrield 
brown  deposits,  quite  unsuitable  for  many  articles  of  jewellery  ware. 
This  quality  of  gilding,  however,  is  frequentiy  taken  advantage  of 
for  articles  which  are  required  lo  have  a  deep  g^ld  colour  after 
scratch-brushing,  as  the  insides  of  tankards,  &c.,  and  also  Albert 
chains  and  work  of  a  similar  description.  If  a  gold  solution  is 
in  really  good  working  condition,  and  the  current  sufficiently  brisk,  a 
copper  or  brass  article  should  gild  readily,  in  hot  solutions,  with  an 
anode  surface  considerably  less  than  that  of  the  cathode,  or  article 
being  gilt,  especially  if  no  motion  be  given  to  either  electrode.  A 
silyer  article,  however,  would  require,  in  the  same  bath,  a  much  larger 
surface  of  anode,  but  more  especially  if  tiie  surface  were  frosted,  as  in 
filigree  work.  In  gilding  articles  of  this  description  it  is  better  to 
expose  a  large  anode  surface  and  keep  the  article  in  g^itie  motion 
when  first  put  into  the  bath,  after  which  a  portion  of  the  anode 
may  be  withdrawn,  and  the  object  allowed  to  rest  undisturbed  until 
the  coating  is  sufficiently  thick. 

24.  In  working  small  baths,  additions  of  hot  distilled  water  must 
be  given  frequently  to  make  up  for  the  loss  by  evaporation ;  but  where 
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large  qnantitieB  of  Bolution  are  employed,  this  addition  need  not  be 
made  more  than  onoe  a  daj,  or  at  the  close  of  the  operation.  With 
this  exception,  a  good  gilding  solution  will  continue  to  give  uniformly 
good  results  for  many  days — especially  if  large  in  bulk — ^without 
alteration.  When  it  begins  to  work  tardily,  however,  which  may 
readily  be  seen  by  the  extra  anode  surface  required  to  gild  the  articles 
promptly,  moderate  additions  of  cyanide  must  be  given  until  the  bath 
acquires  its  normal  activity. 

25.  After  working  gfilding-baths  for  a  lengthened  period,  they 
generally  assume  a  brown  colour,  and  the  gilding  is,  under  such 
circumstances,  of  an  indifferent  colour.  The  chief  causes  of  this  dis-- 
coloration  have  been  already  explained,  and  can  be  to  a  great  extent 
avoided,  by  thoroughly  rinsing  the  articles  before  putting  them  in 
the  bath.  When  a  solution  is  in  this  condition  the  best  remedy  is  to 
evaporate  it  as  before,  and  then  redissolve  the  dried  mass  in  distilled 
water,  using  about  one -third  less  water  than  the  original  bulk.  A 
littlo  fresh  cyanide  must  also  be  added,  and  the  solution  filtered,  after 
which  it  will  generally  yield  a  deposit  of  excellent  colour.  Old  solu- 
tions which  give  deposits  of  a  greenish -black  colour  may  be  improved 
by  evaporation,  but  the  heating  of  the  dried  product  should  be  carried 
somewhat  farther  than  in  the  former  cases.  It  is  better,  however,  to 
abandon  such  a  solution  altogether  and  to  make  a  fresh  one.  The  gold 
from  the  waste  solution  may  afterwards  be  recovered  by  the  processes 
given  in  another  chapter.  When  gilding  solutions,  after  being  worked 
some  time,  yield  a  pale  straw-coloured  gilding,  this  is  attributed  by 
some  to  the  gradual  accumulation  of  silver  from  the  gold  anodes 
(which  always  contain  a  trace  of  silver) ;  we  are,  however,  disinclined 
to  accept  this  view,  owing  to  the  exceedingly  small  quantity  of  silver 
present  in  fine  gold ;  moreover,  since  silver  deposits  first,  if  present 
in  a  gold  solution,  we  doubt  its  liability  to  accumulate  in  the  bath. 
We  would  rather  attribute  the  paleness  of  deposit  referred  to,  to  one 
or  both  of  the  following  causes : — I .  To  the  presence  of  a  large  excess 
of  carbonate  of  potash  in  the  bath  from  using  an  inferior  cyanide  ; 
2.  To  the  presence  of  tin  derived  from  pewter  soldered  articles,  imper- 
fectly prepared  for  gilding. 

26.  The  Bunsen  battery  is  most  generally  used  for  gilding,  and 
indeed  the  current  from  this  source  produces  a  gold  deposit  of  very 
fine  colour.  It  must  be  used  with  caution,  however,  when  gilding 
articles  at  a  low  price,  since  it  deposits  the  metal  very  freely  from  hot 
solutions,  and  would  soon  yield  a  coating  of  gold  of  greater  thickness 
than  would  pay  for  ordinary  cheap  work.  In  gilding  with  this 
battery,  the  regnil&tion  of  the  anode  surface  in  solution  should  bo 
Btrictiy  observed,  only  a  sufficient  surface  being  exposed  to  enable  the 
article  to  become  gilt  almost  immediately  after  immersion ;  the  anode 
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may  be  gradually  lowered  a  little  as  the  deposition  progresses.  Articles 
tliat  only  reqxiire  to  receive  a  mere  colour  of  gold  upon  them  (as  in 
cheap  jewellery)  should  be  first  scratch -brushed,  then  well  rinsed  in 
hot  water ;  dipped  for  a  moment  in  the  gold  bath,  then  rinsed,  and 
lightly  scratch-brushed  ag^in,  and  after  again  rinsing  receive  a 
momentary  dip  in  the  g^ding  bath ;  they  are  to  be  finally  rinsed  in 
boiling  water,  then  shaken  well,  and  placed  in  hot  boxwood  sawdust, 
from  which  they  are  afterwards  removed  and  well  shaken  to  deanse 
them  from  this  material. 


CHAPTER  XIV. 

ELECTRO -DEPOSITION  OF  SILVER. 

Preparation  of  Nitrate  of  Silver.— Observations  on  Commercial  C3*anide.— 
Preparation  of  Silver  Solutions. — Bright  Plating. — Deposition  by  Simple 
Immersion. — Whitening  Articles  by  Simple  Immersion.— Whitening 
Brass  Clock  Dials,  &e. 

The  process  of  **  electro-plating  "  may  be  considered  the  most  impor- 
tant branch  of  the  great  art  of  electro-deposition.  Not  only  is  it 
invaluable  in  giving  to  articles  manufactured  from  German  silver, 
Britannia  metal,  and  other  metallic  surfaces,  a  beautifully  white 
coating  of  the  precious  metal  even  superior  in  brilliancy  to  that  of 
standard  silver,  but  old  plated  and  electro -silvered  articles,  from  which 
the  silver  has  worn  off,  may  be  resilvered  by  this  process  and  miade 
to  look  nearly  equal  to  new,  which  there  was  no  practical  means  of 
doing  before  the  introduction  of  electro-plating.  This  term,  by-the- 
bye,  though  generally  used,  is  erroneous,  since  the  process  of  plating 
consists  in  attaching  two  plates,  or  ingots  of  metal,  and  rolling  them 
into  sheets,  from  which,  as  in  the  old  manufacture  of  Sheffield  plate, 
various  articles  of  utility  are,  or  rather  were,  made. 

TxmpBxation  of  Hltrato  of  811y«r. — Since  the  silvering  or  **  plat- 
ing *'  solutions — with  one  exception — are  prepared  from  the  nitrate  of 
silver,  it  will  be  necessary  to  consider  its  preparation  previous  to 
explaining  the  various  ways  in  which  silver  baths  are  made  up  from 
this  salt  of  silver.  To  prepare  nitrate  of  silver,  the  required  quantity 
of  grain  silver  is  carefully  put  into  a  glass  flask  *  or  evaporating  dish, 
the  former  by  preference,  since  during  the  chemical  action  which 
ensues  while  the  solution  of  the  metal  is  taking  place,  a  portion  of  the 
metal  may  be  lost  by  the  spitting  of  the  solution  when  the  chemical 
action  is  at  its  height.     In  dissolving  silver,  take,  say — 

Grain  silver 2  ounces. 

Pure  nitric  acid 3i     •? 

Distilled  or  rain  water ^h     n 

*  When  dissolving  large  quantities  of  silver,  a  stoneware  vessel  may  be 
•mploved. 
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Put  the  silver  carefnlly  into  the  flask,  then  add  the  water,  and  lastly 
the  acid.  In  a  few  moments  vigorous  ebullition  takes  place,  with  the 
disengagement  of  red  fumes  of  nitrous  gas,  which  should  be  allowed 
to  escape  through  the  chimney.  When  the  action  begrins  to  quiet 
down  a  little,  the  flask  must  be  placed  on  a  warm  sand-bath.  For 
small  operations,  or  where  a  proper  sand-bath  is  not  provided,  an 
ordinary  frying-pan  nearly  half-fllled  with  silver-sand  will  answer 
the  purpose  well.  The  flask  should  remain  upon  the  sand-bath  until 
the  red  fumes  cease  to  appear  in  the  bulb,  at  which  period  the  chemical 
action  is  at  an  end.  It  may  be  well  to  mention  that,  in  dissolving 
silver,  it  is  advisable  in  the  first  instance  to  use  rather  less  of  the  acid 
than  is  necessary  to  dissolve  the  whole  of  the  silver,  and  to  treat  the 
imdii!UK)lved  portion  separately,  by  which  means  excess  of  acid  is 
avoided.  The  nitrate  of  silver  solution  must  now  be  decanted  into  an 
evaporating  dish  and  placed  in  the  sand-bath,  where  it  is  allowed  to 
remain  until  a  film  or  pellicle  forms  on  the  surface  of  the  liquor,  when 
the  vessel  must  be  set  aside  to  cool.  A  few  hours  after,  crystals  of 
nitrate  of  silver  will  have  deposited,  from  which  the  remaining  liquor 
is  to  be  poured  off,  and  this  again  evaporated  as  before.  Instead  of 
crystallising  the  nitrate,  it  may  simply  be  evaporated  to  nearly  dry- 
ness, by  which  the  free  acid  will  become  expelled. 

Should  the  nitric  acid  used  in  dissolving  silver  contain  even  a  slight 
portion  of  hydrochloric  acid,  an  insoluble  white  precipitate  will  be 
found  at  the  bottom  of  the  flask,  which  is  chloride  of  silver.  This, 
however,  will  not  be  injurious  to  the  plating  solution.  Sometimes, 
also,  a  slight  deposit  of  a  brownish -black  colour  is  found  at  the 
bottom  of  the  vessel  in  which  silver  is  dissolved  ;  this  is  goMy  left  in 
the  grain  silver  through  imperfect  parting  in  the  refining  process.  We 
have  occasionally  discovered  more  than  a  mere  trace  of  gold  at  the 
bottom  of  the  dissolving  flask ;  indeed  in  several  instances  an  appre- 
ciable quantity. 

When  dissolving  the  crystals  of  nitrat-e  of  silver,  for  the  preparation 
of  either  of  tlie  following  plating  solutions,  distilled  or  rain  water 
only  should  be  used,  since  river  water  always  contains  traces  of  sub- 
stances which  form  a  white  precipitate  in  the  presence  of  nitrate  of 
silver. 

In  describing  the  silver  solutions,  the  proportion  of  silver  in  the 
metallic  state  will  be  given,  and  it  will  be  understood  that  in  each  case 
the  weighed  metal  must  be  first  converted  into  nitrate.  We  may  also 
state  that  the  proportion  of  silver  to  each  gallon  of  solution  may  be 
varied  according  to  the  practice  of  the  plater,  some  persons  preferring 
solutions  in  which  there  is  a  moderate  percentage  of  the  metal,  while 
others  employ  much  greater  quantities.  The  proportion  of  silver  per 
gallon  of  solution  ranges  from  ^  an  ounce  to  5  or  6  ounces,  and  even 
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more  ;  but  for  moHt  practical  purposes  fTom  i^  to  2  otinccs  will  be 
quite  sufficient ;  indeed,  some  of  our  best  results  haye  been  obtained 
with  I  ounce  of  silver  per  gallon. 

In  most  of  the  formulae  given,  i  gallon  of  solution  will  be  taken  as 
the  basis  for  making  up  any  required  quantity  of  silvering  bath  ;  and 
it  will  be  readily  understood  that  when  larger  proportions  of  silver  to 
the  gallon  are  preferred,  a  proportionate  increase  of  cyanide  must  be 
used,  not  only  to  dissolve  the  precipitated  metal,  but  also  to  play  the  part 
of  free  cyanide  in  the  solution.  It  must  be  remarked  here,  that  unless 
the  silvering-bath  contains  an  excess  of  cyanide  of  potassium,  the 
anode,  or  dissolving  plate^  whose  function  it  is  to  resupply  the  solution 
with  silver  in  the  proportion  in  which  it  is  deposited  upon  the  articles, 
will  not  keep  up  the  metallic  strength  of  the  bath,  and  consequently  it 
will  deposit  the  metal  slowly.  A  large  excess  of  cyanide,  on  the  other 
hand,  is  not  only  unnecessary,  but  is  liable  to  cause  the  deposited 
silver  to  blister  and  strip,  or  peel  off  the  work  under  the  pressure  of 
the  burnishing  tools  ;  and  when  very  greatly  in  excess,  the  coating 
will  be  so  non-adherent  that  it  may  even  yield  to  the  scratch -brush, 
and  separate  from  the  underlying  metal. 

ObMrratioiui  on  ComiiMreial  Osranida  of  Pota—ltiin. — Since 
the  cyanide  of  potassium  is  one  of  the  most  important  and  useful  sub- 
stances that  come  under  the  command  of  the  electro-depositor,  while 
the  success  of  his  operations  greatly  depends  upon  its  active  quality,  it  is 
advisable  to  state  that  ordinary  commercial  cyanide  varies  considerably 
in  thid  property  ;  so  much  so,  indeed,  as  to  render  it  absolutely  neces- 
sary that  the  user  should  be  put  on  his  guard,  lest  in  purchasing  a 
cheap  and  worthless  article,  he  should  commit  an  error  which  may 
cost  him  much  trouble  and  annoyance,  as  also  pecuniary  loss.  Before 
making  up  any  solution  in  larg«  quantity,  in  which  cyanide  of  potas- 
sium is  the  solvent,  we  advise  him  first  to  obtain  samples  of  the  com- 
mercial article,  and  to  test  them  by  either  of  the  processes  given  in 
another  chapter.*  We  may  state  that  some  of  the  cheap  cyanides  con- 
tain a  larg^  excess  of  carbonate  of  potash.  This  substance,  while 
being  a  necessary  ing^redient  in  the  manufacture,  is  also  frequently 
used  greatly  in  excess  to  produce  a  cheap  article,  and  may  be  called 
its  natural  adulterant.  This  salt  (carbonate  of  potash),  however, 
unless  specifically  recommended  in  the  preparation  of  certain  depositing 
solutions,  is  not  only  useless,  but  when  greatly  in  excess  reduces  the 
conductivity  of  both  silvering  and  gilding  baths. 

Prsparatlon  of  SllT«r  Solntloiui. — Solution  I.  The  solutions  of 
silver  most  generally  used  for  electro-plating  are  those  commonly 
oaUed  *'  cyanide  solutions,'*  the  foremost  of  which  is  the  dottble  cyanuie 
of  silver  and  potassium,  which  is  prepared  as  follows  :  i  ounce  of  silver 
is  oonverted  into  nitrate,  as  previously  described,  and  the  crystals  dis- 


*  See  P.43Z-,  eiseq. 
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solved,  with  stirring,  in  about  2  quarts  of  distiUed  or  rain  water,  which 
may,  in  the  case  of  small  quantities,  be  effected  in  a  glass  vessel  or 
glazed  earthenware  pan.  For  large  quantities  a  stoneware  vessel 
should  be  used.  When  the  orystals  are  all  dissolved,  a  strong  solution 
of  cyanide  (about  }  a  pound,  dissolved  in  i  quart  of  water)  is  added, 
a  little  at  a  time,  when  a  precipitate  of  cyanide  of  silver  will  be  formed, 
which  will  inorease  in  bulk  upon  each  addition  of  the  cyanide.  Each 
time,  after  adding  the  cyanide  solution,  the  mixture  must  be  weU 
stirred  with  a  glass  rod  or  strip  of  wood  free  from  resin.  When  it  is 
found  that  the  addition  of  cyanide  produces  but  little  effect,  it  must 
be  added  very  eautiouelyy  since  an  excess  will  redissolve  the  precipitate, 
and  cause  waste  in  the  after  process  of  washing  this  deposit.  To 
avoid  adding  too  much  cyanide,  the  precipitate  should  be  allowed  to 
fall  down  an  inch  or  so,  when  a  glass  rod  may  be  dipped  in  the  cyanide 
solution,  and  the  clear  liquor  touched  with  this,  when  if  a  milkiness 
is  produced,  a  little  more  C3ranide  must  be  added,  and  the  stirring 
resumed.  After  a  short  repose,  the  same  test  may  be  appHed,  and  so 
on,  until  a  drop  of  cyanide  solution  produces  no  effect.  Grreat  care 
must  be  taken  not  to  add  more  cyanide  than  is  absolutely  necessary  to 
throw  down  the  silver.  As  an  additional  precaution,  when  nearly 
the  whole  of  the  silver  is  precipitated,  the  vessel  may  be  allowed  to 
rest  for  an  hour  or  so,  and  the  clear  liquor  then  poured  off  and  treated 
separately,  by  which  means  the  bulk  of  the  precipitate  will  be  saved 
from  the  risk  of  coming  in  contact  with  an  excess  of  cyanide.  If, 
through  accident  or  faulty  manipulation,  too  much  cyanide  has  been 
added,  more  nitrate  of  silver  solution  must  be  poured  in,  which,  com- 
bining-with  the  surplus  cyanide,  will  again  produce  the  characteristic 
milkiness ;  and  if  the  additions  of  nitrate  are  made  with  care,  the 
clear  liquor  will  be  perfectly  free  from  silver,  and  after  allowing  the 
cyanide  of  silver  to  deposit,  may  be  poured  off  and  thrown  away. 

Wathing  ike  Precipitate, — In  all  such  cases  the  precipitate  should  be 
allowed  f uUy  to  settle;  the  supernatant  liquor,  or  "mother  liquor,*' 
is  next  to  be  poured  off  slowly,  so  as  not  to  disturb  the  soUd  matter 
(cyanide  of  silver)  y  a  large  quantity  of  fresh  water— which  for  this 
purpose  may  be  common  drinking  wat^ — is  now  to  be  poured  on  to 
the  precipitate  with  brisk  stirring,  and  the  vessel  again  left  to  rest, 
after  whbh  the  clear  liquor  is  to  be  poured  off  as  before,  these  washing t 
being  repeated  three  or  four  times. 

Dissolving  the  Precipitate. — ^To  convert  the  cyanide  of  silver  into  the 
double  cyanide  of  silver  and  potassium,  the  strong  solution  of  cyanide 
must  be  added  in  moderate  portions  at  a  time,  constantly  stirring  as 
before,  until  the  precipitate  appears  nearly  all  dissolved,  at  which 
period  the  additions  of  cyanide  must  be  made  with  more  caution.  In 
this  case^  as  in  the  fonder,  it  is  a  good  plan,  when  nearly  the  whole 
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of  the  precipitate  is  disflolved,  to  allow  the  yesflel  to  stand  for  a  short 
time,  then  to  pour  off  the  clear  liquor — which  is  now  a  solution  of  the 
double  cyanide  of  silver  and  potassium— and  to  treat  the  remainder  of 
the  precipitate  with  cyanide  solution ;  by  this  means  too  great  an 
excess  of  the  solvent  is  avoided.  When  aU  the  precipitated  silver  is 
lediBsolved,  add  about  one-fourth  more  cyanide 
solution  than  that  originally  used,  and  pass  the 
solution  through  a  filter  into  the  plating  vat  or 
depositing  vessel,  which  may  be  conveniently 
done  by  means  of  a  piece  of  unbleached  calico 
(previously  washed  in  lokewaxm  water  to 
remove  the  *'  dressing  ")  stretched  over  three 
strips  of  wood  bound  together  in  the  form  of  Fig.  79. 

a  triangle  either  with  copper  wire  or  string, 
as  in  Fig.  79.  When  all  the  solution  has  passed  through  the  filter, 
this  may  be  washed  by  pouring  a  little  vrater  over  it  while  resting 
over  the  bath.  The  solution  is  finally  to  be  made  up  to  the  full  quan- 
tity by  adding  the  necessary  proportion  of  water,  when  its  preparation 
is  complete  ;  it  will  be  better,  however,  to  allow  it  to  rest  for  twenty- 
fotir  hours  before  using  it  for  electro-plating. 

Fre%  Cyanide, — ^This  term  is  applied,  as  we  have  before  hinted,  to  a 
moderate  excess  of  cyimide  of  potassium  which  it  is  always  necessary 
to  have  in  the  bath,  to  dissolve  the  insoluble  cyanide  of  silver  which 
forms  on  the  anode,  but  since  the  ordinary  commercial  article  is  of 
very  variable  quality,  the  addition  of  this  substance  must  to  a  great 
extent  depend  upon  the  judgment  of  the  plater,  subject  to  the  precau- 
tions we  have  previously  given ;  from  one-fourth  to  one-half  the  quan- 
tity of  cyanide  used  in  dissolving  the  precipitate  of  cyanide  of  silver  may 
be  added  to  the  solution  as  free  cyanide,  and  water  then  added  to  make 
up  I  gallon.  If  the  cyanide,  in  the  first  instance,  be  dissolved  in  a 
definite  measured  quantity  of  water,  say  at  the  rate  of  half  a  pound  to 
a  quart  of  water  (40  ounces),  the  proix>rtion  of  cyanide  used  in  each  of 
the  former  cases  can  be  readily  ascertained  by  simply  measuring  the 
balance  of  the  solution  and  deducting  its  proportion  of  cyanide  from 
the  original  weight  taken.  A  fair  quality  of  ordinary  commercial 
cyanide  should  not  contain  less  than  50  per  cent,  of  pure  cyanide,  but 
we  have  frequentiy  met  with  an  article  which  contains  a  very  much 
lower  percentagfe,  which  should  never  be  used  for  making  up  plating 
solutions,  but  maybe  employed  in  the  less  important  process  of  dipping 
in  the  preparation  of  work  for  nickel-plating.  Of  course  it  will  be 
understood  that  when  cyanide  containing  a  high  percentage  of  the  pure 
substance  is  obtained,  a  proportionately  smaller  quantity  must  be  used. 

Solution  II. — One  ounce  or  more  of  silver  is  converted  into  nitrate 
fw  beforo,  and  the  crystals  dissolved  in  from  three  to  four  pints  of  di^- 
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tilled  water.  A  solution  of  carbonate  of  potash  (salt  of  tartar),  oon* 
sisting  of  about  six  or  eight  ounces  of  the  salt  to  a  pint  of  water,  is  to 
be  gradually  added  to  the  solution  of  nitrate  of  silver,  with  constant 
stirring,  until  no  further  precipitation  takes  place.  After  settling, 
the  clear  liquor  is  poured  off,  and  the  precipitate  (carbonate  of  ailrer) 
washed  with  water  several  times,  as  before  directed.  A  strong  solu- 
tion of  cyanide  is  then  to  be  added  until  all  the  precipitate  is  thoroughly 
dissolved,  when  a  moderate  excess  is  to  be  added  as  free  cyanide. 
The  solution  should  now  be  filtered  and  water  added  to  make  up  one 
gallon,  or  such  quantity  in  the  same  proportion  of  materials  as  may  be 
required.  In  adding  excess  of  cyanide  to  this  and  other  solutions,  it 
is  always  preferable  to  add  it  moderately  at  first,  otherwise  the  work 
is  very  liable  to  strip.  After  working  the  bath  for  some  time,  an 
addition  of  cyanide  may  be  made,  but  so  long  as  the  anode  keeps 
perfectly  clean  while  the  work  is  being  plated,  the  less  free  cyanide 
there  is  in  the  bath  the  better.  A  solution  which  has  been  worked 
for  a  considerable  time  acquires  a  good  deal  of  organic  matter,  becom- 
ing dark  in  colour  in  consequence,  and  is  then  capable  of  bearing, 
without  injury  to  the  work,  a  larger  proportion  of  free  cyanide  than 
newly  prepared  solutions. 

Solution  III, — ^Mr.  Alexander  Parkes,  in  187 1,  patented  a  solution 
for  depositing  solid  articles.  One  ounce  of  silver  is  first  converted 
into  nitrate,  from  which  the  silver  is  thrown  down  in  the  form  of 
oxide  of  silver,  by  means  of  a  solution  of  caustic  potash  gradually 
added,  imtil  no  further  precipitation  takes  place.  After  washing  the 
oxide,  it  is  dissolved  in  2  gallons  of  water  containing  16  ounces  of 
cyanide  of  potas.<dum. 

Solution  IV, — ^The  best  solution  for  depositing  sQver  upon  Gkrman 
silver  without  recourse  to  the  process  of  '*  quicking,**  is  one  which  the 
author  employed  upon  an  extensive  scale  for  many  years  with  great 
success ;  it  is  composed  as  follows,  and  although  it  is  rather  more 
expensive  in  its  preparation  than  many  other  solutions,  it  is,  so  far  as 
he  is  aware,  the  best  solution  in  which  German  silver  work  may  be 
plated  without  being  pr^ously  coated  with  mercury,  as  in  the 
♦*  quicking  "  process  hereafter  referred  to.  To  prepare  the  solution, 
I  ounce  of  silver  is  converted  into  nitrate  and  dissolved  in  two  or  three 
pints  of  distilled  water  as  before.  About  three  ounces  of  iodide  of 
potassium  are  next  to  be  dissolved  in  about  half  a  pint  of  distilled 
water.  The  iodide  solution  is  to  be  gradually  added  to  the  nitrate 
solution,  the  operation  being  performed  in  a  dark  comer  of  the 
room,  or  preferably  by  feeble  gaslight,  when  a  bright  lemon  yellow 
precipitate  will  be  formed.  The  liquid  must  be  briskly  stirred 
upon  each  addition  of  the  iodide,  and  care  must  be  taken  not 
to  add  the  latter  salt  on  any  account  in  excess,  otherwise  it  will 
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rediflsolTe  ihe  praoipitate.    When  the  precipitation  is  nearly  oom- 
pletCi  it  is  better  to  allow  the  vesflel  to  rest,  and  to  put  a  little  of  the 
dear  liquor  in  a  test  tube,  Fig.  80,  and  to  add  a  drop  or  two  of  the 
iodide  solution,  whdn  if  a  cloudiness  is  produced,  a  moderate 
quantity  of  the  iodide  is  to  be  added  to  the  bulk  and  weU    ^ 
stirred  in.    The  clear  liquor  should  be  repeatedly  tested  in  this 
way,  until  a  single  drop  of  the  iodide  solution  produces  no 
further  effect  upon  it.     In  case  of  an  accidental  addition  of 
too  much  iodide,  nitrate  of  silver  solution  must  be  added  to 
neutralise  it.    When  the  precipitation  is  complete,  the  yessel 
must  be  set  aside — ^in  a  dark  place,  since  the  iodide  of  silver  is      ■  1 
affected  by  light — ^for  an  hour  or  so,  after  which  the  clear      li 
liquor  must  be  poured  off,   and  the  precipitate  repeatedly  pjggo, 
washed  with  cold  water.     Lastly,  the  iodide  of  silver  is  to  be 
dissolved  in  a  solution  of  cyanide  of  potassium,  and  a  moderate  exoees 
added  as  before  recommended.     In  working  this  solution,  whenever 
the  anode  becomes  coated  with  a  greenish  film,  an  addition  of  cyanide 
must  be  made  to  the  bath. 

Since  the  system  of  working  the  above  solution  differs  in  several 
respects  from  that  adopted  with  other  solutions,  it  may  be  well  to 
describe  our  own  practice  in  the  treatment  of  G^eiman  silver  work. 
The  articles  are  first  placed  in  a  warm  solution  of  caustic  potash,  to 
remove  greasy  matter,  after  which  they  are  well  rinsed.  Each  article 
is  then  well  scoured  all  over  with  powdered  pumice  and  water,  or 
finely  powdered  bath  brick — an  excellent  substitute  for  the  former — 
and  water.  As  each  artide  is  brushed,  it  is  to  be  well  rinsed  in  clean 
water,  and  is  then  ready  for  the  plating  bath,  in  which  it  should  be 
suspended  without  delay. 

Solution  V. — ^Mr.  Tuck  obtained  a  patent,  in  1842,  for  ^'  improve- 
ments in  depositing  silver  upon  German  silver,**  in  which  he  recom- 
mends, for  plating  inferior  qualities  of  Ckrman  silver,  a  liquid  com- 
posed of  atUphats  of  aiher  dissolved  in  a  solution  of  carbonate  of 
ammonia.  Sulphate  of  silver  is  formed  by  adding  ^  solution  of 
sulphate  of  soda  (Glauber's  salt)  to  a  solution  of  nitrate  of  silver,  or 
by  boiling  silver  with  its  weight  of  sulphuric  acid.  For  plating  the 
better  qualities  of  G^erman  silver,  cyanide  of  silver  is  dissolved  in  a 
solution  of  carbonate  of  ammonia.    The  proportions  used  are : — 

Sulphate  of  silver 156  parts. 

Carbonate  of  ammonia  (dissoWed  in  distilled  water)        .      70     „ 

Or, 

Cyanide  of  silver  ^34     yt 

Carbonate  of  ammonia 70     ,, 
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The  silTer  salt  in  each  case  is  boiled  with  the  solution  of  the  osr- 
bonate  of  ammonia  until  it  is  dissolved.  For  ooating  common  Grennan 
silver,  he  adds  half  an  ounce  of  sulphate  of  silver  to  a  solution  con- 
taining 107  grains  of  bicarbonate  of  anunonia. 

Solution  VI. — ^For  producing  very-  white  deposits  of  silver,  the 
following  may  be  used : — One  ounce  of  silver  is  dissolved  and  treated 
as  before,  and  the  orystalB  of  nitrate  rediseolved  ia  about  half  a  gallon 
of  distilled  water.  A  moderately  strong  solution  of  common  salt  is 
then  prepared,  and  this  is  gradually  added  to  the  former,  when  a 
copious  white  precipitate  of  chloride  of  silver  is  formed,  which  must  be 
well  washed  with  cold  water.  After  pouring  off  the  last  wash  water, 
a  strong  solution  of  cyanide  is  to  be  added  to  the  precipitate  until  it  is 
all  dissolved,  when  a  moderate  excess  is  to  be  added,  and  the  solution 
carefully  filtered  through  filtering  paper,  the  first  runnings  to  be 
passed  at  least  twice  through  the  same  filter.  Lastiy,  add  water  to 
make  up  i  g^on.  The  solution  may  be  used  immediately,  but  will 
work  better  after  a  few  hours*  rest.  This  solution  is  veiy  useful  for 
obtaining  delicately  white  deposits,  but  is  not  suitable  for  ordinary 
plating  purposes,  since  the  deposited  silver  is  liable  to  strip  under  the 
action  of  the  bumifiher.  If  used  somewhat  weaker  than  in  the  above 
proportions,  with  a  moderate  current  and  small  anode  surface,  the 
deposit  will  adhere  to  most  metals  with  tolerable  firmness  ;  it  is,  how- 
ever, most  suitable  for  coating  articles  which  are  either  to  be  merely 
scratch-brushed  or  left  a  dead  white.  Chased  figfures  and  cast  metal 
work  receive  a  brilliant  white  coating  in  this  solution,  but  to  retain 
their  beauty  they  must  be  kept  beneath  a  glass  case,  since  the  fine 
silver  surface  soon  discolours  in  the  atmosphere. 

Solution  VII. — ^This  plating  solution,  which  is  one  of  the  best  for 
most;  purposes,  is  prepared  by  dissolving  tdlver  in  a  solution  of  cyanide, 

by  aid  of  the  electric  cur- 


rent. Suppose  we  wish  the 

solution  to  contain  i  ounce 

of  silver  per  g^on.    The 

required  quantity  of  water 

is  first  put  into  the  bath, 

and   for   each   gallon   of 

liquid  about  3  ounces  of 

g^ood    cyanide    is   added, 

and  allowed  to    dissolve. 

A  porous  cell  is  now  to  be 

nearly    filled    with     this 

solution,  and  stood  upright  in  the  vessel  containing  the  bulk  of 

cyanide  solution,  the  liquid  being  at  the  same  height  in  both  vessels. 

A  fitarip  of  sheet  copper  is  next  to  be  connected  to  the  negative 


Fig.  81. 
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electrode  of  a  strong  yoltaic  battery,  and  placed  in  the  porouB  cell. 
A  large  sheet  of  silver  is  next  to  be  connected  to  the  positiTe  elec- 
trode, and  immersed  in  the  larger  vessel.  The  arrangement  is  shown 
in  Fig.  81.  The  weight  of  the  sheet  silver  being  ascertained  before- 
hand, the  battery  is  allowed  to  remain  in  action  for  several  hours, 
when  the  silver  plate  may  be  weighed  to  determine  how  much  of  it 
has  been  dissolved  in  the  solution,  and  the  action  is  to  be  kept  up 
until  the  proper  proportion  has  been  dissolved  by  the  cyanide  in  the 
outer  vessel.  When  this  point  has  been  reached  tiie  porous  cell  is  to 
be  removed,  and  its  contents  may  be  thrown  away. 

Another  electrolytic  method  of  preparing  a  silver  bath  is  the  follow- 
ing : — ^To  make  a  bath  containing,  say,  one  ounce  of  silver  per  gallon, 
the  cyanide  should  be  of  known  strength.  Assuming  the  commercial 
article  to  contain  50  per  cent,  of  real  cyanide,  about  3  ounces  are  to 
be  dissolved  in  each  gallon  of  water ;  a  larg^  silver  anode  connected 
to  the  positive  pole  of  a  battery  is  to  be  suspended  in  the  solution, 
and  a  smaller  plate  of  silver  as  a  cathode.  A  strong  current  should 
be  used,  and  the  anode  weighed  from  time  to  time  until  the  desired 
proportion  of  silver  has  become  dissolved  into  the  solution.  The  con- 
dition of  the  bath  may  then  be  tested  by  suspending  a  clean  plate  of 
brass  from  the  negative  rod,  at  the  same  time  immersing  about  an 
equal  surface  of  anode,  using  a  moderate  current,  when  if  the  solu- 
tion be  in  good  working  order,  the  cathode  will  at  once  receive  a 
bright  deposit  of  silver.  During  the  action  some  caustic  potassa  is 
formed  in  the  liquid,  which  may  be  converted  into  cyanide,  by 
adding  a  moderate  quantity  of  hydrocyanic  acid,  which  must  be  done, 
however,  with  exceeding  care,  owing  to  the  deadly  nature  of  the  acid, 
the  vapour  of  which  must  not  on  any  account  be  inhaled.  Respecting 
the  use  of  this  acid,  however,  we  must  strongly  recommend  that  its  em- 
ployment should  never,  under  any  circumstances  whatever,  be  placed  in 
the  hands  of  persons  unacquainted  with  its  highly  poisonous  character. 

Besides  the  foregoing,  many  other  processes  for  preparing  silver 
solutions  have  been  proposed ;  but  since  they  are  comparatively  of 
littie  or  no  practical  value,  they  deserve  but  a  passing  reference.  By 
one  of  these  processes  ohloride  of  silver  is  dissolved  in  hyposulphite  of 
soda.  The  salt  of  silver  thus  formed  {hyposulphite  of  Hirer)  is  readily 
acted  upon  by  light,  and  the  silver,  being  thus  converted  into  an 
insoluble  sulphide,  gradually  becomes  deposited  at  the  bottom  of  the 
bath.  Solutions  have  also  been  prepared  by  employing  ferrocyanide 
of  potassium  (yellow  prussiate  of  potash)  as  the  solvent  of  cyanide  of 
silver.  Again,  the  silver  has  been  precipitated  from  its  nitrate  solu- 
tion by  lime-water,  forming  oxide  of  silver ;  as  also  by  ammonia, 
rada,  magnesia,  &c. :  the  various  pr^ipitates  being  subsequentiy  dis- 
solved in  a  solution  of  cyanide  of  potassium.     The  ordmaiy  double 
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cyanide  of  sUrer  and  potafisium  solution,  however,  will  be  found  most 
useful  for  the  gfeneral  purposes  of  electro-plating. 

Brislit  Plating. — ^The  silver  deposited  from  ordinary  cyanide  solu- 
tions is  of  a  pearly  white  or  dull  white,  according  to  the  condition  and 
nature  of  the  silver  solution,  and  the  strength  of  the  current ;  and  it 
is  necessary  to  brighten  the  work  by  scratch-brushing  before  it  is 
subjected  to  the  operations  of  burnishing  or  polishing.  It  is  possible, 
however,  by  adding  to  the  plating-bath  a  small  quantity  of  bisulphide 
of  carbon^  to  obtain  deposits  of  silver  which  are  bright  instead  of  dull, 
for  the  discovery  of  which  important  improvement  we  are  indebted  to 
Mr.  W.  Milward,  of  Birmingham,  who  made  the  discovery  in  the  fol- 
lowing way : — He  had  observed  that  when  wax  moulds  for  electro- 
typing,  which  had  been  coated  with  a  film  of  phosphorus  by  applying 
a  solution  of  that  substance  in  bisulphide  of  carbon,  were  put  into  the 
o}ranide  plating  solution  to  receive  a  deposit  of  silver,  that  other 
articles — as  spoons  and  forks,  for  example — silvered  in  the  same  solu- 
tion, assumed  a  brightness  more  or  less  uniform,  sometimes  extending 
all  over  the  articles,  and  at  others  occurring  in  streaks  and  patches. 
This  led  him  to  try  the  effect  of  adding  bisulphide  of  carbon  alone  to 
the  plating  solution,  which  produced  very  satisfactory  results.  The 
improvement  was  worked  as  a  secret  for  some  time,  but  eventually 
leaked  out,  in  consequence  of  which  Mr.  Milward  and  a  person  named 
Lyons  (who  had  become  acquainted  with  the  secret)  took  out  a  patent 
in  March,  1847,  for  bright  silver  deposition  by  adding  ''compounds 
of  sulphur  and  carbon,*'  bisulphide  of  carbon  being  preferred.  From 
that  time  the  bisulphide  of  carbon  has  been  constantiy  employed 
for  producing  bright  deposits  of  silver. 

To  make  up  the  solution  for  ''bright  plating,"  the  following 
methods  are  adopted:  i.  "6  ounces  of  bisulphide  of  carbon  are  put 
into  a  stoppered  bottie,  and  i  gallon  of  the  usual  plating  solution 
added  to  it ;  the  mixture  is  first  to  be  well  shaken,  and  then  set  aside 
for  24  hours.  2  ounces  of  the  resulting  solution  are  then  added  to 
every  20  gallons  of  ordinary  plating  solution  in  the  vat,  and  the  whole 
stirred  together ;  this  proportion  must  be  added  every  day,  on  account 
of  the  loss  by  evaporation,  but  where  the  mixture  has  been  made 
several  days,  less  than  this  may  be  used  at  a  time.  This  proportion 
gives  a  bright  deposit,  but  by  adding  a  larger  amount  a  dead  surface 
may  bo   obtained,   very  different  to  the  ordinary  dead  surface." 

Another  method  of  preparing  a  solution  for  bright  plating  is  the 
following : — Put  i  quart  of  ordinary  silver  plating  solution  into  a 
large  stoppered  bottle ;  now  add  I  pint  of  strong  solution  of  cyanide 
and  shake  well ;  4  ounces  of  bisulphide  of  carbon  are  then  to  be  added, 
as  also  2  or  3  oimces  of  liquid  ammonia,  and  the  bottle  again  well 
shaken,  which  operation  must  be  I'cpeated  every  two  or  three  hours, 
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The  solution  is  then  set  aside  to  rest  for  about  24  hours,  when  it 
Trill  be  ready  for  use.  About  2  ounces  of  the  clear  liquid  may  be 
added  to  every  20  gallons  of  ordinary  plating  solution,  and  well  mixed 
by  stirring.  A  small  quantity  of  the  brightening  solution,  or  '*  bright,'* 
as  it  is  termed  in  the  plating-room,  may  be  added  to  the  solution 
every  day,  and  the  liquid  then  gently  stirred.  In  course  of  time  the 
bisulphide  solution  acquires  a  black  colour,  to  modify  which  a  quantity 
of  strong  cyanide  solution,  equal  to  the  brightening  liquor  which  has 
been  removed  from  the  bottle,  should  be  added  each  time.  In  adding 
the  bisulphide  solution  to  the  plating  bath  an  exoees  must  be  avoided, 
otherwise  the  latter  will  be  spoilt.  Small  doses  repeated  at  intervals 
is  the  safer  procedure,  and  less  risky  than  the  application  of  larger 
quantities,  which  may  ruin  the  bath  • 

A  very  simple  way  to  prepare  the  brightening  solution  is  to  put 
from  2  to  3  ounces  of  bisulphide  of  carbon  in  an  ordinary  "  Winches- 
ter "  bottle,  which  holds  rather  more  than  half  a  gallon.  Now  add 
to  this  about  3  pints  of  old  silver  solution,  and  shako  the  bottle  well 
for  a  minute  or  so ;  lastly,  nearly  fill  the  bottle  with  a  strong  solution 
of  cyanide,  shake  well  as  before,  and  set  aside  for  at  least  24  hours. 
Add  about  2  ounces  (not  more)  of  the  ** bright*'  liquor,  without 
shaking  the  bottle,  to  each  20  g^ons  of  solution  in  the  plating  vat. 
Even  at  the  risk  of  a  little  loss  from  evai>oration,  it  is  beet  to  add  the 
brightening  liquor  to  the  bath  the  last  thing  in  the  evening,  when 
the  solution  should  be  weU  stirred  so  as  to  thoroughly  diffuse  the 
added  liquor.  The  night's  repose  will  leave  the  bath  in  good  working 
order  for  the  following  morning. 

Other  substances  besides  the  bisulphide  of  carbon  have  been  used, 
or  rather  recommended,  for  producing  a  bright  deposit  of  silver,  but 
up  to  the  present  no  really  successful  substitute  has  been  practically 
adopted.  Amongst  other  compounds  which  have  been  suggested,  arc 
a  solution  of  iodine  and  gutta-jiercha  in  chloroform,  which  is  said  to 
have  a  more  permanent  effect  than  the  bisulphide  ;  carbonate,  and  acid 
carbonate  of  potassium,  i^  ounce  of  each,  added  once  every  nine  or 
ten  daya  to  a  plating  solution  containing  12  ounces  of  cyanide  and 
3^  ounces  of  silver  per  g^allon.  According  to  Plante,  bright  silver 
deposits  may  be  obtained  by  adding  a  little  sulphide  of  silver  to  the 
plating  solution. 

Although  the  solution  for  '*  bright  plating  "  is  useful  for  some  pur- 
poses, it  is  not  adopted  as  a  substitute  for  the  ordinary  cyanide  of 
silver  bath  for  the  general  purposes  of  electro-plating.  For  articles 
which  have  deep  hollows  and  interstices  which  cannot  be  burnished 
without  considerable  difficulty,  and  for  the  insidcs  of  tea  and  coffee- 
pots, and  articles  of  a  similar  description,  which  are  required  to  be 
bright,  but  which  cannot  be  rendered  so  by  mechanical  methods,  a 
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slight  coating  of  bright  silver  is  an  advantage.  A  bath  of  brightening 
solution  is  usually  kept  for  this  purpose,  in  which  the  articles,  after 
being  plated  in  the  ordinary  way,  are  immersed  for  a  short  time,  by 
which  they  receive  a  superficial  coating  of  the  bright  deposit.  In  the 
'*  bright  solution'*  the  articles  first  become  bright  at  their  lower 
surface,  the  effect  gradually  spreading  upward,  until  in  a  short 
time  they  become  bright  all  over,  when  they  are  removed  from  the 
bath  and  immediately  immersed  in  boiling  water,  otherwise  the  silver 
would  quickly  assume  a  dark  colour. 

B^poiitloa  toy  Blmpto  XmaMiVBlon. — Articles  of  brass  and  copper 
readily  become  coated  with  a  film  of  silver,  without  the  aid  of  the 
battery  current,  in  tolerably  strong  solutions  of  the  double  cyanide  of 
silver  and  potassium ;  the  deposit,  however,  is  not  of  such  a  degree  of 
whiteness  as  to  be  of  any  practical  use.  Other  solutions  of  silver  are 
therefore  employed  when  it  is  desired  to  give  a  slight  coating  of  this 
metal  to  small  brass  or  copper  work  which  will  present  the  necessary 
brilliant  white  colour.  Silver  may  also  be  deposited  upon  these 
surfaces  by  means  of  a  paste  of  chloride  of  silver,  to  which  common 
salt  or  cream  of  tartar  is  added.  The  following  processes  are  those 
most  generally  adopted : — 

^Tliitenlns  JkrtLeHbm  Xny  Slinpl*  Tmnmralon, — For  small  brass 
and  copper  articles,  as  buttons,  hooks  and  eyes,  cofBn-nails,  &c., 
silvering  by  simple  immersion  is  employed ;  and  in  order  to  produce 
the  best  possible  effect,  the  solution  bath  should  not  only  be  prepared 
with  care,  but  kept  as  free  as  possible  from  contamination  by  other 
substances.  To  prepare  a  bath  for  this  purpose,  a  given  quantity  of 
fine  grain  silver  is  dissolved  in  nitric  acid.  The  solution  of  nitrate  of 
silver  thus  formed  is  added  to  a  large  quantity  of  water,  a  strong 
solution  of  common  salt  is  then  poured  in,  which  precipitates  chloride 
of  silver  in  the  form  of  a  dense  white  precipitate.  When  the  whole 
of  the  silver  is  thrown  down  (which  may  be  ascertained  by  adding  a 
drop  or  two  of  hydrochloric  acid  or  solution  of  salt  to  the  clear  liquor) 
the  precipitate  is  allowed  to  subside,  after  which  the  supernatant 
liquor  is  to  be  poured  off,  and  the  precipitate  washed  several  times. 
The  last  rinsing  water  should  be  tested  with  litmus  paper,  when,  if 
there  be  the  least  trace  of  acid,  further  washing  must  be  given.  The 
precipitate,  which  is  very  readily  acted  upon  by  sunlight,  should  be 
prepared  in  a  dull  light,  or  by  gaslight,  and,  if  not  required  for  imme- 
diate use,  it  should  be  bottled  and  kept  in  a  dark  cupboard.  The 
chloride  of  silver  is  to  be  mixed  with  at  least  an  equal  weight  of  bi- 
tartrate  of  potassa  (cream  of  tartar),  and  only  sufficient  water  added 
to  form  a  pasty  mass  of  the  consistency  of  cream.  In  this  mixture 
the  articles,  having  been  previously  cleaned  or  dipped f  are  immersed, 
and  stirred  about  until  they  are  suf&ciently  white,  when  they  are  to 
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be  rinBed  in  hot  water,  and  shaken  up  with  boxwood  sawdust.  These 
preparations  are  also  used  for  silvering  olock -faces,  thermometer  and 
barometer  scales,  and  other  brass  and  copper  articles,  by  being  rubbed 
over  the  surface  to  be  whitened  with  a  cork. 

Anotiier  chloride  of  silver  paste,  for  whitening  articles  of  brass  or 
copper,  may  be  made  by  taking  chloride  of  silver  and  prepared  chalk, 
of  each  one  part,  common  salt  i}  part,  and  pearlash  3  parts,  made 
into  a  paste,  as  before.  A  third  mixture  is  prepared  by  taking 
chloride  of  silver  i  part,  cream  of  tartar  at  least  80  parts,  to  which  is 
sometimes  added  about  80  parts  of  common  salt.  The  whole  are 
dissolved  in  boiling  water.  This  solution  acquires  a  greenish  tint, 
from  the  presence  of  copper,  which  takes  the  place  of  the  silver  in  the 
liquid.  In  using  this  solution  the  articles  are  introduced  by  means  of 
a  perforated  basket,  which  is  briskly  stirred  about  in  the  hot  liquid 
until  unifonnly  white.  Some  operators  modify  the  above  solution  by 
adding  common  salt,  Glauber's  salt,  corrosive  sublimate,  caustic  lime, 
&c.,  but  it  is  doubtful  whether  any  advantage  is  derived  therefrom. 

A  process,  which  is  to  be  applied  cold,  was  proposed  by  Boseleur. 
and  seems  to  have  worked  exceedingly  well  in  his  experienced  hands. 
A  solution  of  the  double  sulphite  of  silver  is  formed  in  the  following 
way :  Four  parts  of  soda  crystals  are  dissolved  in  five  parts  of  distilled 
water,  sulphurous  acid  gas  (prepajfed  by  heating  in  a  glass  retort 
strong  oil  of  vitriol  witii  some  small  pieces  of  copper  wire)  is  then 
passed  through  the  liquid,  by  allowing  it  to  bubble  through  mercuiy 
at  the  bottom  of  the  vessel,  to  prevent  the  exit  tube  from  becoming 
clogged  with  crystals;  the  ghs  is  allowed  to  pass  until  tiie  fluid 
re-dissolves  the  crystals  of  bicarbonate,  and  slightiy  reddens  blue 
litmus  paper.  It  is  then  allowed  to  repose  for  twenty -four  hours,  so 
that  some  of  the  bisulphite  of  sodium  formed  may  crystallise.  The 
liquid  portion  is  then  to  be  poured  off,  and  stirred  briskly  to  expel  the 
carbonic  acid.  If  alkaline  to  test  paper,  more  sulphuric  acid  gtL8 
must  be  added ;  or  if  acid,  a  littie  more  carbonate  of  soda.  After  well 
stirring,  the  solution  should  only  turn  blue  litmus  paper  violet,  or  at 
most  slightiy  red.  A  solution  of  nitrate  of  silver  is  now  to  be  added 
to  the  above  liquid,  with  stirring,  until  the  precipitate  at  first  produced 
begins  to  dissolve  slowly,  when  the  bath  is  ready  for  use.  The  solution 
thus  prepared  is  said  to  be  always  ready  for  work,  and  "  produces, 
quite  instantaneously,  a  magnificent  silvering  upon  copper,  bronze,  or 
brass  articles  which  have  been  thoroughly  cleansed,  and  passed  through 
a  weak  solution  of  nitrate  of  binoxide  of  mercury,  although  this  is 
not  absolutely  necessary.''  To  keep  up  the  strength  of  the  bath  fresh 
additions  of  nitrate  of  silver  must  be  made  from  time  to  time,  and 
after  awhile  some  bisulphite  of  soda  must  also  be  added.  In  working 
this  bath  the  solution  is  placed  in  a  copper  vessel,  which  also  receives 


t40  ELS0TBO-DBP08ITION   OF  SILVBB. 

a  deposit  of  silver.  Boselenr  states  that  he  used  this  bath  for  &ve 
years,  during  whioh  period  he  daily  silvered  **  as  many  articles  as  a 
man  could  conveniently  carry/'  He  also  states  that,  without  the  aid 
of  a  separate  current,  the  deposit  from  this  solution  may  become  nearly 
as  thick  as  desired,  and  in  direct  ratio  to  the  time  of  immersion. 

'Whltenlns  Brass  dock-IMalSy  Ac,  witli  tlis  Vasts. — For  this 
purpose  chloride  of  silver  and  cream  of  tartar,  with  or  without  the 
addition  of  common  salt,  is  made  into  a  paste,  as  before  described,  and 
this  should  be  well  triturated  in  a  mortar  until  it  is  impalpable  to  the 
touch.  The  paste  is  then  spread,  a  little  at  a  time,  upon  the  brass 
surface — which  may  be  a  clock-face  or  thermometer-scale,  for  instance 
— and  rubbed  upon  the  metal  surface  with  a  piece  of  soft  cork,  or 
**  velvet "  cork  as  it  is  called.  By  thus  working  the  silver  paste  over 
the  metal  it  soon  becomes  silvered,  and  a  coating  of  sufficient  thickness 
for  its  purpose  obtained  in  a  very  short  time,  according  to  the  size  of 
the  object.  When  the  silvering  is  complete  the  article  is  to  be  rinsed 
and  dried  in  the  hot  sawdust.  Although  a  very  slight  film  of  silver 
only  is  obtained  in  this  way,  its  somewhat  dull  tone  is  specially  ap- 
plicable to  barometer  and  galvanometer  scales,  cl<)ck-dials,  and  objects 
of  a  similar  nature,  and,  as  far  as  its  non-liability  to  tarnish  is  con- 
oomed,  it  may  be  considered  superior  to  all  other  methods  of  silvering. 


CHAPTER  XV. 

BLECTRO-DEPOSmON  OF  SILVER  {continue^. 

Preparation  of  New  Work  for  the  Bath.  — Quieking  Solutions,  or  Mercury 
Dips. — Potash  Bath. — Acid  Dips. — Dipping. — Spoon  and  Fork  Work. — 
Wiring  the  Work. — Arrangement  of  the  Plating  Bath. — Plating  Battery. 
— Motion  given  to  Articles  while  in  the  Bath. — Craet  Stands,  dtc. — ^Tea 
and  Coffee  Services. — Scratch-brushing. 

ft<9paration  of  If cw  IVork  fbr  tlM  Bath. — In  order  to  insure 
a  perfect  adhesion  of  the  silver  deposit  to  the  surface  of  the  article 
coated,  or  platedf  as  it  is  erroneously  termed,  with  this  or  any  other 
metal,  the  most  important  consideration  is  abtoluU  eleanliness.  By  this 
term  we  do  not  mean  that  the  article  should  be  merely  clean  in  the 
ordinary  sense,  but  that  it  must  be  what  is  termed  ehemicaUy  elean^ 
that  is,  perfectly  and  absolutely  free  from  any  substance  which  would 
prevent  the  silver  from  attaching  itself  firmly  to  the  metal  to  be  coated. 
As  evidence  of  the  extreme  delicacy  which  it  is  necessary  to  observe  in 
this  respect,  ve  may  mention  that  if,  after  an  article  (say  a  German 
silver  spoon,  for  example)  has  been  well  scoured  with  powdered 
pumice  and  water,  it  be  exposed  to  the  atmosphere  even  for  a  few 
seconds,  it  becomes  coated  with  a  slight  film  of  oxide — owing  to  the 
rapidity  with  which  copper  (a  constituent  part  of  German  silver) 
attracts  oxygen  from  the  air  ;  this  effect  is  still  more  marked  in  the 
case  of  articles  made  from  copper  and  brass.  Now,  this  slight  and 
almost  imperceptible  film  is  quite  sufi&cient  to  prevent  perfect  contact 
between  the  deposited  metal  and  that  of  which  the  article  is  composed. 
This  fact,  in  the  early  days  of  electro-plating,  created  a  great  deal  of 
trouble,  for  it  was  found  that  the  work,  after  being  silvered,  was  very 
liable  to  strip  under  the  pressure  of  the  burnisher.  To  overcome  the 
difficulty,  and  to  secure  a  perfect  adhesion  of  the  two  metals,  a  third 
metal — ^mercury  or  quicksilver — ^which  has  the  power  of  alloying  itself 
with  silver,  gold,  German  silver,  copper,  and  brass,  was  employed,  and 
though  the  author  for  many  years  obtained  most  successful  and  per- 
fectiy  adherent  deposits  of  silver  without  its  aid,  the  process  of 
quieking  was,  and  still  is,  practised  by  the  whole  of  the  electro-plating 
trade.  The  silver  solution  which  the  author  employed,  however,  and 
which  is  clesrsribed  in  the  foregoing  chapter,  was  differenUy  prepared 
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to  those  ordinarilj  adopted  by  the  trade.  Since  the  process  of 
<<  quioking  "  is  generally  adopted,  it  will  be  necessary  to  describe  it  in 
detail. 

Qaiokins  BotatloiiSy  or  Mereury  Dips. — This  term  is  applied,  as 
before  hinted,  to  coating  articles  made  of  brass,  copper,  or  German 
silver — the  metals  most  usually  subjected  to  the  process  of  electro- 
plating — ^with  a  thin  film  of  quicksilver,  which  may  be  effected  by 
either  of  the  following  solutions : — Nitrate  of  Mercury  Dip.^-Pui  an 
ounce  of  mercury  into  a  glass  flask,  and  pour  in  an  ounce  of  pure 
nitric  acid  diluted  with  three  times  its  bulk  of  distilled  water ;  if, 
when  the  chemical  action  ceases,  a  small  amount  of  undissolved  mercury 
remains,  add  a  little  more  acid,  applying  gentle  heat,  until  the  whole 
is  dissolved.  The  solution  is  then  to  be  poured  into  about  i  gallon  of 
water,  and  well  mixed  by  stirring.  It  is  then  ready  for  use,  and  is 
termed  the  quicking  ioliUiony  or  mercury  dip.  Articles  of  brass,  copper, 
or  German  silver  dipped  into  this  solution  at  once  become  coated  with 
a  thin  bright  film  of  mercury. 

Cyanide  of  Mercttry  Dip. — ^Dissolve  one  ounce  of  mercury  as  before, 
and  dilute  the  solution  with  about  i  quart  of  distilled  water.  Now 
take  a  solution  of  cyanide  of  potassium,  and  add  this  gradually, 
stirring  after  each  addition,  imtil  the  whole  of  the  mercury  is 
precipitated,  which  may  be  determined  by  dipping  a  glass  rod  in  the 
cyanide  solution,  and  applying  it  to  the  clear  liquor  after  the 
precipitate  has  subsided  a  little,  when,  if  no  further  effect  is  produced, 
the  precipitation  is  complete.  The  liquor  is  next  to  be  separated  by 
filtration.  When  all  the  liquor  has  passed  through  the  filter,  a  little 
water  is  to  be  poured  on  to  the  mass,  and  when  this  has  thoroughly 
drained  off,  the  precipitate  is  to  be  placed  in  a  glass  or  stoneware 
vessel,  and  strong  solution  of  cyanide  added,  with  constant  stirring, 
until  it  is  all  dissolved,  when  a  small  excess  of  the  cyanide  solution  is 
to  be  added,  as  also  sufficient  water  to  make  up  one  gallon  of  solution. 

Another  mercury  dip  is  made  by  dissolving  red  precipitate  (red  oxide 
of  mercury)  in  a  solution  of  cyanide,  afterwards  diluted  with  water. 

Fernitrate  of  Mercury  Solution. — ^This  solution  is  composed  of — 

Pernitrate  of  mercury i  part. 

Sulphuric  acid 2  parts. 

Water 1000     „ 

A  very  good  mercury  dip  may  be  made  by  simply  dissolving  two 
ounces  of  mercury  in  two  ounces  of  nitric  acid,  without  the  aid  of  heat; 
the  solution  thus  formed  is  to  be  diluted  with  about  three  gallons  of 
water. 

The  quicking  bath  should  contain  just  so  much  mercury  in  solution 
9A  will  render  ^  clean  copper  surface  white  almost  immediately  after 
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imineraion  ;  if  the  solution  be  too  strong,  or  too  acid  (when  the  nitrate 
of  mercuiy  solution  is  used),  or  if  the  solution  has  become  nearly 
exhausted  by  use,  when  copper  is  dipped  it  may  turn  black  or  dark 
coloured  instead  of  white,  in  which  case  the  quicking  bath  must  be 
rectified,  otherwise  it  will  be  impossible  to  obtain  an  adherent  coating 
of  silver  upon  the  article  treated  in  it.  As  a  rule,  the  articles  merely 
require  to  become  perfectly  and  uniformly  white  from  the  coating  of 
mercury,  but  the  practice  is  to  give  a  stronger  film  to  work  which  is 
required  to  receive  a  stout  deposit  of  silver,  or  gold,  as  the  case  may  be. 
When  the  mercury  dip  becomes  nearly  exhausted  and  the  mercurial 
coating,  in  consequence,  becomes  dark  coloured,  the  liquor  should  be 
thrown  away  and  replaced  by  a  new  solution,  which  is  considered 
better  than  strengthening  the  old  liquor ;  indeed,  the  small  amount  of 
mercury  which  remains  in  the  bath  after  having  been  freely  used  is  of 
so  little  consideration,  that  the  liquor  may  be  cast  aside  without  sacri- 
fice the  moment  it  gives  evidence  of  weakness  by  the  dark  appearance 
of  the  work  instead  of  the  characteristic  Inightness  of  metallic 
mercury. 

It  is  a  good  plan  to  keep  a  quantity  of  concentrated  mercurial  solu- 
titm  always  in  stock,  so  that  when  a  bath  becomes  exhausted  it  may 
be  renewed  in  a  few  minutes  by  simply  throwing  away  the  old  liquor 
and  adding  the  due  proportions  of  strong  solution  and  water  to  make 
up  a  fresh  **dip." 

Petaali  Batlu — ^To  remove  greasy  matter  communicated  to  the  work 
by  the  polishing  process,  all  articles  to  be  plated  must  first  be  steeped 
for  a  short  time  in  a  hot  solution  of  caustic  potash,  for  which  purpose 
about  half  a  pound  of  American  potash  is  dissolved  in  each  gallon  of 
water  required  to  make  up  a  bath,  and  as  this  solution  becomes  ex- 
hausted by  use  it  must  receive  an  addition  of  the  cauBtic  alkali.  The 
workman  may  readily  determine  when  the  solution  has  lost  its  active 
property  by  simply  dipping  the  tip  of  his  finger  in  the  solution  and 
applying  it  to  the  tip  of  the  tongue,  when,  if  it  fails  to  tingle  or 
**  bite  *'  the  tongue,  the  solution  has  lost  its  caustic  property,  and  may 
either  be  thrown  away  or  strengthened  by  the  addition  of  more  caustic 
potash.  When  the  bath  has  been  once  or  twice  revived  in  this  way 
it  is  better  to  discard  it  altogether,  when  inactive,  than  to  revive  it. 
Indeed,  when  we  conaider  that  the  object  of  the  caustic  alkali  is  to 
convert  the  gpreasy  matters  on  the  work  into  soap,  by  which  they 
become  soluble  and  easily  removed  by  brushing,  it  will  be  apparent 
that  the  bath  can  only  be  effective  so  long  as  the  eattaticity  of  the 
alkali  remains.  Many  persons,  from  ignorance  of  this  matter,  have 
frequently  used  their  potash  baths  long  after  they  have  lost  their 
activity,  and  as  a  natural  consequence  the  work  has  come  out  of  such 
baths  Bearly  in  the  same  state  as  they  entered  it,  greasy  and  dirty. 
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Those  who  cannot  convenientlj  obtain  caustic  potash  (American  potash, 
for  example)  may  readily  prepare  it  as  follows :  Obtain  a  few  lumps 
of  fresh  lime  and  slake  them  by  pouring  water  over  them,  and  then 
covering  tiiem  with  a  cloth ;  soon  after,  the  lime  will  fall  into  a  powder, 
which  must  be  made  into  milk  of  Hmc,  as  it  is  called,  by  mixing  it  with 
water  to  the  consistence  of  milk  or  cream.  A  solution  of  pearlash  is 
then  made  in  boiling  water,  to  which  is  added  the  cream  of  lime,  and 
the  mixture  is  to  be  boiled  for  at  least  an  hour,  in  an  iron  vessel. 
About  half  or  three-quarters  of  a  pound  of  pearlash  tu  each  gallon 
should  be  employed,  and  about  one-fourth  lees  lime  than  potash.  If 
the  solution  is  thoroughly  catuiicisedy  no  effervescence  will  occur  in  the 
liquor  if  a  drop  or  two  of  hydrochloric  acid  are  added ;  if,  on  the  con- 
trary, effervescence  takes  place  on  the  addition  of  the  acid,  the  boiling 
must  be  continued. 

Aoid  Dips. — In  the  preparation  of  certain  kinds  of  work,  acid  solu- 
tions or  mixtures  are  employed  which  may  be  advantageously  men- 
tioned in  this  place.  It  is  well  to  state,  however,  that  after  dipping  the 
work  in  acid  solutions  it  should  be  thoroughly  rinsed  in  clean  water,  since 

the  addition  of  even  small  quantities  of  acid  to  the 
alkaline  plating  or  gilding  baths  would  seriously 
injure  these  solutions.  Indeed,  careless  and  im- 
perfect rinsing  must  always  be  avoided  in  all  de- 
positing operations,  otherwise  the  baths  will  soon 
become  deteriorated ;  the  rinsing  waters  should 
be  frequently  changed,  and  the  workman  taught 
that  in  this  item  of  his  labour  his  motto  should 
be  "water  no  object." 
pj     Q2.  Nitric  Acid  Dip. — This  is  frequently  used  for 

dipping  copper,  brass,  and  German  silver  work, 
and  is  the  ordinary  aquafortis  of  commerce,  or  fuming  nitric  acid  {nitrous 
acid).  Stoneware  jug«  of  the  form  shown  in  Fig.  82  are  used  for 
conveying  strong  acids.  A  dipping  acid,  composed  as  follows,  is  also 
much  used  for  producing  a  bright  and  clean  surface  upon  certain 
classes  of  work : — 

Nitric  acid,  commercial  (by  measure)  .        .        .     i  part. 

Sulphuric  acid 2  parts. 

Water 2    „ 

To  tills  mixture  some  persons  add  a  little  hydrochloric  acid,  and  others 
a  small  quantity  of  nitrate  of  potassa  (nitre). 

Dip  for  Bright  Lustre. — To  g^ve  a  bright  appearance  to  copper,  &c., 
the  following  mixture  may  be  employed : — Old  aquafortis,  or  nitric 
acid  dip  which  has  been  much  used,  i  part ;  water,  2  parts ;  muriatic 
acid,  6  parts.    The  articles  are  immersed  in  this  solution  for  a  few 
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minutes,  when  they  are  to  be  briakly  shaken  in  clean  oold  water,  and 
if  not  sufficiently  bright  must  be  dipped  ag^ain.  If  they  become 
covered  with  a  dirty  deposit,  the  articles  should  be  sooured  with  pumice 
and  water,  then  immersed  in  the  dip  for  a  short  time  and  again  rinsed. 
Another  method  is  to  first  dip  the  articles  in  a  weak  piekle,  formed  by 
diluting  old  and  nearly  exhausted  nitric  acid  dip  with  water  for  a  few 
minutes,  after  which  they  are  to  be  dipped  in  the  same  old  acid  dip  in 
its  undiluted  condition,  and  finally  in  strong  aquafortis  for  a  moment ; 
they  are  next  to  be  well  rinsed  in  several  waters. 

I>ip  for  Dead  Lustre. — ^To  produce  a  dead  or  matted  surface  upon 
copper,  brass,  or  German  silver  work,  the  following  mixture  is  used : — 


Brown,  or  fuming  aquafortis  (by  measure) 
Oil  of  vitriol 


2  parts, 
z  part. 


To  the  above  mixture  a  small  quantity  of  common  salt  is  added.  The 
articles  are  allowed  to  remain  for  some  time  in  the  dip,  after  which 
they  are  withdrawn  and  promptly  dipped  in  the  preceding  liquid  and 
immediately  weU  rinsed. 

Bespecting  old  aquafortis  dips,  Qore  says  these  may  be  **  revived  to 
a  certain  extent  by  addition  of  oil  of  vitriol  and  common  salt ;  the  sul- 
phuric acid  decomposes  the  nitrate  of  copper  in  it,  and  also  the  common 
salt,  and  sets  free  nitric  and  hydrochloric  acids,  and 
crystals  of  sulphate  of  copper  form  at  the  bottom 
of  the  liquid.  All  the  nitric  acid  may  be  utilised  in 
this  manner."  This  is  perfectly  true,  but  as  a  rule 
acid  '*dips*'  which  have  become  exhausted  seldom 
produce  the  required  brilliancy  or  tone  of  colour  (when 
that  is  an  object),  even  if  strengthened  by  fresh  ad- 
ditions of  the  concentrated  acids  with  which  they  were 
first  pre]>ared.  Zinc,  tin,  and  lead,  as  also  organic 
matter,  generally  find  their  way  into  these  dips,  and 
more  or  less  interfere  with  the  direct  action  of  the 
nitric  acid. 

Dipping. — ^The  articAC  to  be  dipped  should  be  sus- 
pended by  a  wire  of  the  same  metal,  or  by  a  wire 
covered  with  gutta-percha  or  india-rubber  tubing, 
and  after  a  moment's  immersion  in  the  acid  solution, 
promptly  plunged  into  clean  cold  water ;  if  the  desired 
effect — a  bright  or  a  dead  lustre — ^is  not  fully  pro- 
duced by  the  first  dip,  the  article  must  be  again  dipped  for  a 
moment  and  again  rinsed.  In  order  to  remove  the  acid  effectu- 
ally, several  washing  vessels  should  be  at  hand,  into  each  of  which 
the  article  is  plunged  consecutively,  but  the  last  rinsing  water, 
more  especially,  should  be  renewed  frequently.    When  a  number  of 
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small  articlee  require  to  be  dipped,  they  may  be  suspended  from  a 
wire,  looped  np  as  in  Fig.  83,  or  they  may  be  placed  in  a  per- 
forated stoneware  basket  (Fig.  84),  provided  with  a  handle  of  the 
same  material.  These  perforated  baskets  are  specially  mannfao- 
tured  at  the  potteries  for  acid  dipping  and  other  purposes,  and  if 
carefully  treated  will  last  for  an  indefinite  period.  The  basket  con- 
taining the  articles  to  be  dipped  is  plunged  into  the  dipping  acid,  and 
moved  briskly  about,  so  as  to  expose  every  surface  of  the  metal  to  the 
action  of  the  acid ;  as  the  vessel  is  raised  the  liquid  escapes  through 
the  perforations,  and  after  a  brisk  shaking  the  basket  and  its  contents 


Fig.  84. 


Fig.  85. 


are  plunged  into  the  first  washing  water,  in  which  it  is  again  vigour- 
ously  shaken,  to  wash  away  the  acid  as  far  as  possible ;  it  is  then 
treated  in  the  same  way  in  at  least  two  more  rinsing  waters.  The 
dipped  articles  are  then  to  be  thrown  into  a  weak  solution  of  crude 
bitartrate  of  potash,  called  argol\  to  prevent  them  from  becoming 
oxidised  or  tarnished.  From  this  liquid  they  are  removed  as  required, 
and  again  rinsed  before  being  quicked  and  plated.  For  dipping  pur- 
poses, stoneware  and  gputta-peroha  bowls  (Fig.  85)  are  also  used,  and 
sometimes  platinum  wire  trays,  supported  by  a  hook,  as  in  Fig.  87, 
are  employed  for  very  small  articles.     Hooks  of  the  same  kind,  but  in 
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various  forms,  are  likewise  used  for  supporting  various  pieces  of  work 
during  the  dipping  operations.     One  of  these  is  shown  in  Fig.  86. 

Spoon  and  FosIl  Work. — In  large  establishments  this  class  of 
work  may  be  said  to  hold  the  leading  position,  since,  as  articles  of 
domestic  utility,  the  spoon  and  fork  are  things  of  ahnost  universal 
requirement.  As  in  all  other  kinds  of  electro-plated  ware — and  we 
may  add  everything  else  under  the  sun — ^the  silvering,  or  plating,  is 
accomplished  according  to  the  requirement  of  the  customer  and  the 
price  to  be  paid  for  the  work  when  done.  In  other  words,  the  actual 
deposit  of  silver  which  each  article  receives  depends  upon  whether  it 
is  intended  to  wear  well,  or  merely  required  to  eelL    In  the  former 
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o«ae,  it  U  nnul  for  tiie  cnatomer  to  wtagh  the  spooDS  and  forkg  beforo 
he  sends  them  to  the  plater,  and  aicitiii  on  dieir  return,  and  he  psjs  to 
much  per  miDce  for  the  silTer  deposited,  allowing  a  moderate  ditcxiant 
from  the  original  weight  to  cover  an^  loss  which  may  be  sustained  in 
preparing  the  work  for  the  plating  ba^.    When  the  goods,  however. 


S1g.87. 
are  nerelj  required  to  look   "marketable,"  the  amount  of   ailrer 
deposited  upon  such  a  elasa  of  work  often  ranges  from  little  or  nothing 
to  less,  if  possible. 

WiTxng  Ihe  Wort.— Spoons  and  forks  are  first  wirni,  as  it  Is 
termed.  For  this  purpose  copp^  wire  is  cut  into  lengths  of  about 
iz  inches.  Alengthof  the  wire  is  coiled  once  round  the  shank  or  narrow 
part  of  the  article,  and  secured  by  twisting  it  several  times ;  the  loop 
thus  formed  should  be  quite  loose,  so  that  the  podtion  of  the  f^>oon  or 
fork  may  be  easily  reversed  or  shifted  while  in  the  plating  vat,  to 
equalise  the  deposit,  and  to  allow  the  parts  where  the  wire  has  been 
in  contact  to  become  coated  with  silver.  The  copper  wire  used  for 
"slinging"  is  usually  about  No.  20  B.W.G.  (Birmingham "Wire 
Gauge),  which  is  the  gauge  most  generally  adopted  in  this  country. 
The  spoonii,  &c.,  are  next  placed  in  the  hot  potash  bath,  where  they 
are  allowed  to  remain  for  a  short  time,  when 
they  are  removed,  a  few  at  a  time,  and 
rinsed  in  cold  water.  They  are  next  to  be 
hrosbed  or  scoured  all  over  with  fine 
pumice-powder  moistened  with  water,  and 
then  thrown  into  clean  water,  where  thej 
remain  until  a  sufficient  number  have 
been  scoured,  when  these  arc  taken  out  by  their  wires  and  im- 
Diersed  in  the  qiiiclting  solution,  which,  for  spoon  work,  may  con- 
veniently be  in  a  shallow  oval  pan  of  the  form  shown  in  Fig.  SS. 
After  remaining  in  the  quicldiig  bath  a  short  time,  they  arc 
examined,  and  if  sufficiently  qKvlced,  and  uniformly  bright,  like 
qnioksilver,  they  are  rinsed  in  water  and  at  once  sospended  in  tha 
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plating  tank,  as  bloae  together  as  possible  without  tondhing.  When 
the  bath  is  filled  with  work,  the  spoons  or  forks  should  be  turned 
upside  down  by  slipping  the  shank  through  the  loop ;  and  the  work- 
man who  does  this  must  be  verj  careful  to  handle  them  as  little  as 
possible,  and  only  to  grip  them  with  the  fingers  by  the  edget^  which 
an  experienced  plater  will  do  with  great  smartness,  and  with  very 
trifling  contact  with  his  fingers.  The  objects  of  thus  changing  the 
position  of  the  work  are  twofold,  namely,  to  allow  the  wire  mark  to 
become  coated  with  silver,  and  to  equalise  the  deposit,  which  always 
takes  place  more  energetically  at  the  U>%oer  end  of  the  article  while  in 
the  bath.  This  system  of  shifting  should  be  repeatedly  effected  until 
the  required  deposit  is  obtained.  When  shifting  the  spoons,  &c.,  all 
that  is  necessary  is  to  raise  the  straight  portion  of  the  suspending 
wire  which  is  above  the  solution  with  one  hand,  which  brings,  say,  the 
handle  of  the  spoon,  out  of  the  solution;  if  this  be  now  gripped 
between  the  finger  and  thumb  of  the  other  hand  at  its  edges,  and 
raised  until  the  bowl  end  touches  the  loop,  by  simply  turning  the 
spoon  round  its  bowl  will  be  uppermost,  in  which  position  the  article 
is  carefully  but  quickly  lowered  into  the  bath  again. 

Another  method  of  suspending  spoons  and  forks  in  the  plating  bath 
is  the  following :  Copper  wire,  about  the  t^ckness  of  ordinary  bell 
^  wire,  is  cut  up  into  suitable  lengths,  and  which  will  depend 

upon  the  distance  between  the  negative  conducting-rod  and 
the  surface  of  the  silver  solution.  These  wires  are  next  to 
be  bent  into  the  form  of  a  hook  at  one  end,  and  at  the  other 
end  is  formed  a  loop,  as  in  Fig.  89,  leaving  an  opening 
through  which  the  shank  of  a  spoon  or  fork  may  pass  into 
the  ring  or  loop  and  be  supported  by  it.  To  prevent  the 
sHver  from  being  deposited  upon  the  vertical  portion  of 
the  wire,  where  it  would  be  useless  and  unnecessary,  this 
portion  of  the  wire  should  be  protected  by  means  of  glass, 
Fig.  89.  gutta-percha,  or  vulcanised  india-rubber  tubing,  which  is 
slipped  over  the  wire  before  the  upper  hook  is  formed. 
After  being  some  time  in  use,  the  lower  ring  becomes  thickly  coated 
with  a  crystalline  deposit  of  pure  silver,  when  these  wires  must  be 
replaced  by  new  ones,  and  the  insulating  tubes  may  be  again  applied 
after  removal  from  the  old  wires. 

Ordinary  slinging  wires,  as  those  previously  described,  should  never 
be  used  more  than  once,  and  for  this  reason :  when  a  certain  amount 
of  silver  or  other  metal  is  deposited  upon  wire — except  under  certain 
conditions — it  is  invariably  more  or  less  brittle,  and  in  attemptiag  to 
twist  it  round  an  article  it  is  very  liable  to  break,  often  causing  the 
article  to  fall  from  the  hand — perhaps  into  the  bath — and  rendering 
the  silver-covered  fragments  of  wire  liable  to  be  wasted  by  being 
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nrept  amj  with  tlie  dirt  of  the  floor.  It  is  more  economioal  to 
emplor  freah  wires  for  each  batch  of  work,  and  to  ttrip  Oie  olver  or 
other  metal  {mm  the  wires  by  either  of  the  prooeaaes  hereafter  given, 
bj  which  not  only  mtij  all  the  metal  be  recovered,  bnt  by  aantalutg, 
cleaning',  and  straighteiiiii^  tJie  wires,  they  may  be  used  agtiiii  and 
again.  Uoreover,  a  wire  that  has  been  twisted  once  becomes  hardened 
at  that  part,  and  cannot  with  «aie(y  be  twisted  again  without  being 

lArraasanunt  of  th»  TlaMag  BatlL — The  size  and  form  of  depoflit- 
ing;  tanks  far  (diver  plating  vary  in  different  establiahments,  sa  also 
does  the  material  of  which  they  are  constructed.     For  small  quanti- 
ties of  silver  salntian,  say  from  ten  op  to  thirty  gallons,   oval  stone- 
ware pani  may  be  used,  and  with  ordinary  care  will  last  a  great 
number  of  years.    Wooden  tubs,  if  absolutely  clean,  may  also  bo  em- 
ployed for  small  operations,  but  since  that  material  absorbs  tlie  silver 
solntioD,     aneh     vessels 
should   be  well   soaked 
with  hot   water    before 
pouring  in  the  solution. 
Tanks  made  from  slate, 
wiUi  india-rubber  joints, 
have    also    been   much 
used   in    nlver- plating. 
Very  good  platii^  tanks 
may  be  made  in  the  same 
way     as     directed    for 
nickel  -  plating      baths, 

Ihat  is,  an  outer  vessel  pi„_  „ 

of    wood,     secured    by 

screwed  bolts,  lined  witii  sheet  lead,  and  re-lined  with  matched  board- 
ing. Wrought-ijon  tanks,  lined  with  wood,  are,  however,  greatly  pre- 
ferred, and  when  properly  constructed  and  lined,  form  the  most  durable 
of  all  vessels  for  solutions  of  tlds  desoriptiou.  Depodting  tanks  for  large 
operatious  are  nsually  about  six  feet  in  length,  three  feet  in  width, 
and  about  two  feet  six  inches  in  depth,  and  hold  from  two  to  three 
hnndred  gallons  of  solution ;  tanks  of  greater  length  are,  however, 
sometimes  employed.  An  ordinary  wrought-iron  plating  tank  is 
shown  in  Fig.  90,  in  which  also  the  arrangement  of  the  silver  anodes 
and  sundry  articles  in  solution  is  seen.  The  upper  rim  of  the  tank  is 
furnished  with  a  flange  of  wood,  firmly  &kbA  in  its  position,  upon 
which  rest  two  rectangles  of  brass  tubing  or  stout  copper  tod.  The 
outer  rectangle  frequ«itly  consists  of  brass  tubing  about  an  inch  m 
one  comer  of  which  a  binding  screw  is  attached,  by 
IS  of  solder,  for  connecting  it  with  the  positive  pole  of  the  battery 
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or  other  generator  of  eleotrioity.  The  inner  rectangle  nhniild  be  of 
etout  copper  rod,  or  wire — usually  abont  one-half  the  tUoknees  of  the 
former,  and  is  also  provided  with  a  binding  screw  at  one  oomer,  to 
oonnect  it  with  the  negatlTe  pole  of  the  hattet?.  A  series  of  brass 
rods,  from  half  to  one  inch  in  diameter,  and  each  about  the  length  of 
the  tank's  width,  are  laid  mtosb  the  outer  rectangle,  and  from  these 
are  snspended  the  stiver  anodes  ;  similar  but  shorter  rods  of  brass 
are  plaoed  between  each  pair  of  anodet,  and  rest  upon  the  inner 
rectangle ;  from  theee  rods  the  articles  to  be  plated  are  suspended, 
as  diown  in  the  engraving.  Before  the  respeotive  oondnotdng 
rods  are  plaoed  in  position,  they  mnst  bo  tlioroaghly  well  cleaned 
with  emery  doth,  as  also  must  be  the  rectangular  conductors  and 
wire  holes  of  binding  screws  which  are  to  receive  the  positive  and 
negative  oondncting  wires,  the  ends  of  which  must  likewise  be  cleaned 
with  emery  doth  each  time  before  making  connection  with  the 
battery.  It  may  be  well  here  to  remark  that  all  the  points  of  connec- 
tion between  the  various  ttxls,  wires,  and  binding  screws  must  be 
kept  perfectly  clean,  otherwise  the  electric  current  will  be  obatrncted 
in  itii  passage.  When  the  conducting  rods  become  foul  by  being 
sploshed  with  the  cyanide  solntion,  they  should  be  well  deanod  with 
emery  cloth,  and  the  operntioii  of  cleaning  these  rods  should 
always  be  performed  each  morning  before  the  first  batch  of  work  is 
placed  in  the  solution  ;  the  emery  cloth  should  only  be  applied  when 
the  condacting  rods  ore  perfectly  diy.  It  is  always  a  characteriedoof 
a  roolly  good  plater  that  all  his  conducting  rods  are  kept  bright  and 
dean,  and  every  appliance  in  its  proper  place. 

Flatbis  BB.tt«TT. — The  most  useful  form  of  battery  for  depositing 

silver,  either  upon  a  large  or  smaH  scale,  ia  a  modification  of  the 

WoUaston  battery  shown  in  Kg-  9'-      ^'^ 

depositing  upon  a  large  scale,  a  stone  jar 

capable  of  holding  about  ten  gallons  forms 

the  battery  cell.     A  bar  of  wood,  d,  having  a 

"  groove  cut  in  it,  bo  as  to  allow  a  stout  plate 

of    zino    to   pass    freely    through    it,    rests 

across  the  battery  jar,   4.    Two    sheets  of 

copper,  B  b,  connected  by  strips  of  the  same 

metal  soldered  to  the  upper  comers,  are  plaoed 

over  the  wooden  bar,  and  a  binding  screw 

_  connected  to  one  of  the  copper  plates,  either 

by  means  of  solder  or  by  a  side  screw.      The 

copper  plates  should  nearly  reach  to  the  bottom  of  the  Jar.   A  suitable 

binding  screw  is  attached  to  the  rinc  plate,  c,  which  muBt  be  well  omol- 

gamatel.    The  exciting  fluid  consists  of  dilute  aulphnrio  acid,  in  the 

proportion  of  one  part  of  the  latter  to  fifteen  parts  of  oold  water.     To 
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^e«ent  tlie  tino  from  oomiog  in  ooatoct  with  the  ooppar  pl&t«,  a 
small  block  of  wood,  luLTing  tt  tolembly  deep  groove  of  Uia  Boma 
widtli  u  the  thiokneM  of  the  sheet  of  oopper,  maj  be  fixed  on  to  eaoh 
ed^  of  the  pair  of  plstee  about  midirmj  between  t^e  top  and  the  bot- 
tom.   In  order  to  regulate  tlie  amount  of  omreitt  in  working'  theee 
batteries,  it  ia  oommonlj  the  praotioa  to  drill  a  hole  in  the  centre  of 
the  apper  port  of  the  nno  piste,  to  which  a  strong  cord  ia  attached, 
and  allowed  to  poos  oyer  a  pulley,  the  other  end  of  the  oord  being  oon- 
neoted  to  a  oonnterweight.   A  windlass 
ansngement,  aa  in  Hg-  9'<  ^  '^  i^Bed 
for  this  purpose,  by  which  the  line 
plate  GOD  be  raised  and  lowered  by 
amply  timing  a  handle  oonneoted  to  a 
rerolving   spindle,  supported  by  np- 
righta  of  wood,  round  which  the  oord 
beoomea  wound  or  unwound  according 
to  the  motion  (pTen  to  the  handle. 

When  the  bath  U  about  to  be  filled  i 
with  work,  the  zinc  plate  shonld  only 
be  lowered  a  short  distance  into  the  pj^  -^^ 

acid  solution,  and  the  aarfHoe  is  to  be 

increased  as  the  filling  of  the  bath  progreBsee  ;  if  this  precaution 
ia  not  observed,  the  depomtdon  will  take  place  too  rapidly  upon  the 
work,  and  the  deposited  metal  will  Msnme  a  grey  colour  instead 
of  the  characteristic  white,  besides  which  the  silver  will  be  liable  to 
strip  or  separate  from  the  underlying  metal  in  the  subsequent  pro- 
oeeseeof  acratcb-brushing  and  bumidiing,  or  even  under  the  less  severe 
process  of  poliflhing.  A  very  safe  way  to  check  tie  too  rapid  deposit, 
ia  to  suspend  an  anode  from  the  negative  oondncting  rod  as  a  cathode 
when  the  first  batch  of  articles  is  beingplacedin  the  bath.  Whenvery 
powerful  batteries  or  dynamo -machinee  are  used,  the  remstance  coil 
(iiide  Nickel -plating)  must  be  employed. 

MottoB  BlvMt  to  AxUolsa  wUU  la  th*  BattL — In  order  to  insure 
uniformity  of  deposit  while  employing  strong  electric  power  from 
magneto  or  dynamo  machines,  it  has  been  found  that  by  keeping  the 
articles  sbwiy  in  motion  while  deposition  is  taking  place,  this  deajrable 
cud  can  be  effectually  attained.  There  are  several  ingeniouB  devices 
adopted  for  this  purpose,  to  several  of  which  we  may  now  direct 
attention.  It  is  a  fact  that  depositbn  takes  place  first  at  the  exlraae 
end  of  the  article  in  solation — that  is  the  point /ar(AM(/n>m  the  source 
of  electricity  ;  *  and  this  being  so,  we  may  be  sure  that  the  deposition 
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progTtC8«s  in  ike  same  ntjo  dnriiig  the  whole  tdme  the  articlea  Bra 
ceoaTin^  the  deposited  metal  provided  the  wlnticm  and  the  work 
remain  nndisturbed.  Indeed,  in  the  oase  of  table  forks,  if  we  buSot 
them  to  remain,  with  their  prongs  doamuiartl,  undigturbod  for  a  oon- 
riderable  time,  we  Hhall  find,  on  removing  them  from  the  bath,  that 
the  prongB,  from  the  extreine  tips  upward,  will  be  coated  with  a 
oiysUUine  or  grsDular  deposit,  while  the  extreme  upper  portion  of  thF 
article  will  be  but  poorly  coated.  In  no  oaae  is  the  fact  of  the  depoiil 
taking  place  from  the  lowest  part  of  an  article  upward  more  practi- 
cally illuHtrsted  than  in  the  process  of  "  fltripping  "  (to  which  we 
shall  refer  hereafter)  or  dissolving  the  silver  from  the  snrf ace  of  platsd 
artiolet,  when,  after  they  have  been  in  the  stripping  eolation  for  soma 
time,  we  find  that  the  latt  particles  of  ailrer  which  will  yield  to  the 


Fig-  ga- 
ll action  of  the  liquid  are  the  points  of  the  prongs  of  a  fork, 
the  lowest  part  of  the  bowl  of  a  epoon,  as  also  (it  the  articles  have 
been  duly  shifted  during  the  plating)  the  extreme  ends  of  the  handles 
of  either  article. 

To  keep  the  articles  in  gent^  motioa  while  in  the  bath,  one  method 
ia  to  connect  the  suspending  rods  to  a  frame  of  iron,  having  four 
wheels  about  three  inches  in  diameter  connected  to  it,  which  slowly 
bavel  to  and  fro  to  the  extent  of  three  or  four  inches  upon  inclined 
rails  attached  to  the  upper  edges  of  the  tank,  the  motion,  which  is  both 
hoiizontsl  and  vertical,  b«ng  given  by  means  of  an  eccentric  whed 
driven  by  steam  power.  By  another  arrangemeiit,  the  articles  are 
Bnspend^  from  a  frame  (as  in  Fig,  9,1),  and  the  motion  given  by  the 
ecceutrio  wheel  as  shown  in  the  engraving.  The  simplicity  of  the 
former  anangement,  however,  will  be  at  once  apparent. 

Omat  BtiMiM,  fte. — Before  being  submitted  to  tbe  cleansing  opera- 
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tioiw,  quiekinf^,  Sec,  before  described,  the  **  wires  '*  of  oruet  and  liqneur 
stands  must  be  separated  from  the  bottoms,  to  which  they  are 
generally  connected  by  small  nuts,  and  these  latter  should  be  slung 
upon  a  wire  and  laid  aside  until  the  other  parts  of  the  article  are  ready 
for  plating.  A  wire  is  then  to  be  connected  to  each  part  of  the  cruet 
frame,  and  iLese  are  then  to  be  immersed  in  the  hot  potash  liquor, 
being  left  therein  sufficiently  long  to  dissolve  or  loosen  any  greasy 
matter  which  may  attach  to  them.  After  being  rinsed,  they  are  to  be 
well  brushed  with  powdered  pumice  and  water.  The  brushes  used  for 
this  and  similar  purposes  are  made  from  hog  hair,  and  are  supplied 
with  one  or  more  rows,  to  suit  the  various  purposes  for  which  they  are 
required  ;  for  example,  a  one-rowed  brush  is  very  useful  for  cleaning 
the  joints  connecting  the  rings  with  the  framework  of  cruet  stands,  as 
also  for  all  crevices  which  cannot  be  reached  by  a  wider  tool ;  a  two- 
rowed  brush  is  useful  for  crevices  of  g^reater  extent  and  for  hollows ; 
and  three,  four,  five,  and  six -rowed  brushes  for  flat  surfaces,  embossed 
work,  and  so  on.     One  of  these  useful  tools  is  shown  in  Fig.  94. 


Fig  94. 

After  scouring  and  rinsmg,  the  parts  of  the  cruet  stand  or  liqueur 
stand  are  to  be  immersed  in  the  quiddng  solution  until  uniformly 
white  in  every  part,  after  which  they  must  be  well  rinsed  and  immedi- 
ately put  into  the  plating  bath  ;  after  a  short  immersion,  the  pieces 
should  be  gentiy  shaken,  so  as  to  shift  the  sling^g  wire  from  its 
point  of  contact,  and  thus  enable  that  spot  to  become  coated  with 
silver ;  it  is  always  advisable  to  repeatedly  change  the  position  of  the 
wire  so  as  to  avoid  the  formation  of  what  is  termed  a  wire  mark, 
and  which  is  of  course  due  to  the  deposit  not  taking  place  at  the 
spot  where  the  wire  touches  the  article,  thereby  leaving  a  depression 
when  the  article  is  fully  plated.  The  flat  base  of  the  oruet  stand 
should  be  suspended  by  two  wires,  each  being  passed  through  one 
of  the  holes  at  the  comer,  and  it  should  be  slung  sideways  and 
not  leng^wise ;  its  position  in  the  bath  Bhould  be  reversed  occa- 
sionally, so  as  to  render  the  deposit  as  uniform  as  possible  ; 
the  same  observation  applies  to  the  **  wire  "  part  of  the  cruet 
stand.  When  mounts  are  sent  with  the  cruet  stand,  not  sepa- 
rate, but  cemented  to  the  cruets,  which  is  often  the  case,  it  will  be 
well,  if  it  can  be  convenientiy  done,  to  remove  the  pin  which  connects 
the  top  or  cover  with  the  rim  of  the  mustard  mount,  so  as  to  plate 
these  parts  separately,   otherwise  the  cover  will    require  shifting 
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repeatedly  in  order  to  allow  thoee  parts  of  ihe  joint  which  are  pro- 
tected from  receiving  the  deposit  when  the  cover  is  cpen,  to  become 
duly  coated. 

Tea  and  OofDM  Barvlcas.— Like  the  foregoing  articles,  these  are 
of  very  variable  design,  and  are  either  plain,  chased  and  embossed,  or 
simply  engraved.  Unless  sent  direct  from  the  manufacturer  in  the 
proper  condition  for  plating — that  is,  with  their  handles  and  covers 
unfixed — it  will  be  better  to  remove  the  pins  connecting  these  parts 
with  the  bodies  of  tea  and  coffee  pots  before  doing  anything  else  to 
them,  unless,  as  is  sometimes  the  case,  they  are  so  weU  riveted  as  to 
render  their  severance  a  matter  of  difficulty.  The  disadvantages 
attending  the  plating  of  these  vessels  with  their  handles  and  lids  on 
are  that  the  solution  is  apt  to  get  inside  the  sockets  of  the  handles, 
and  to  ooze  out  at  the  joints  when  the  article  is  finished,  while  the 
joint  which  unites  the  lid  with  the  body  can  only  be  properly  plated 
when  the  lid  is  shut,  at  which  time  the  interior  of  the  lid  can 
receive  no  deposit.  When  sent  to  the  plater  by  the  manufacturer, 
the  various  parts  are  usually  either  separate,  or  merely  held  to- 
gether by  long  pins,  which  may  readily  be  withdrawn  by  a  pair  of 
pliers,  and  the  parts  again  put  together  in  the  same  way  when  the 
articles  are  plated  and  finished — that  is  burnished  or  polished,  as  the 
case  may  be. 

In  plating  work  of  this  description,  the  articles  are  potashed,  scoured 
and  quicked  as  before,  and  when  ready  for  the  plating  bath,  the  tea 
and  coffee  pots  are  generally  wired  by  passing  the  slinging  wire  through 
the  rivet-holes  of  the  joints  ;  but  in  order  to  equalise  the  deposit  as 
far  as  possible,  it  is  a  grood  plan,  after  the  article  has  received  a  certain 
amount  of  deposit,  to  make  a  loop  at  one  end  of  a  copper  wire,  and 
to  pass  it  under  one  of  the  feet  of  the  teapot,  then  to  raise  the  vessel 
somewhat,  and  connect  the  other  end  of  the  wire  with  the  oonduoting 
rod ;  care  must  be  taken,  however,  not  to  let  the  wire  touch  the  body 
of  the  vessel,  or  if  it  does  so,  to  shift  it  frequently. 

Since  deposition  always  takes  place  more  fuUy  at  the  points  and 
projections  of  an  article,  it  will  be  readily  understood  that  the  inte- 
riors of  vessels — ^being  also  out  of  ehett%cal  nght^  so  to  speak,  of  the 
anodoH — will  receive  little  if  any  deposit  of  silver.  This  being  the 
case,  if  we  wish  to  do  the  work  thoroughly  well  in  every  part,  it  will 
l)e  necpBsary  to  deposit  a  coating  of  silver  upon  the  inside  eitlier  before 
or  after  the  exterior  has  been  plated.  To  do  this,  the  vessel  being 
well  cleaned  inside,  is  placed  upright  on  a  level  bench,  and  a  wire 
connected  to  the  negative  pole  of  the  battery  is  slipped  through  the 
joint  as  before.  A  small  silver  anode,  being  either  a  strip  of  the 
metal  or  a  narrow  cylinder,  is  to  be  attached  to  the  positive  i)ole,  and 
the  anode  lowered  into  the  hollow  of  the  vessel,  care  being  taken  that 
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it  does  Dot  toooh  in  any  pMt.  llie  veeael  u  tli«n  to  be  filled  to  the 
top  with  eilver  Bolatioa  dipped  out  of  the  bath  witli  a  jug,  and  die 
whole  allowed  to  rest  for  half  an  hour  or  so,  at  the  end  of  which 
time  the  interior  will  ^nerall;  have  received  a  miffident  coating  of 

■ozawb-bnulil&s. — Ooe  of  the  most  important  mechanical  opera- 

tiona  oonneoted  with  idlver-plating  is  that  of  scratch -brushing.     For 

this  purpose  skems  of  thin  bren  wire,  bonnd  round  with  stout  brass  or 

eopper  wire  (Fig-.  97),  are  used.  When  the  p1at«d  articles  are  removed 

from  the  bath,  they  present  a  pearlj  white  appeaiance  not  unlike  very 

fine  porcelain  ware,  but  still  more 

cloHely  reaemblin^  standard  ailTer 

that  baa  been  healed  and  pickled 

in  dilute  Bulphurio  acid,  ae  in  the 

process  of  KhUetiing  watch  dials. 

The  dead  white  lustre  of  clcctro- 

depodted  ailver  is  due  to  the  metal 

beang  deposited  in  a  etygtalline 

form,  and   the  dulnees  is  of  Bo 

fugitive  a  natnre  that  even  scraEch- 

ing  the  surface  with  the  finger  nail 

will  render  the  part  more  or  leas 

bright  by  bumiiihing  the  soft  and 

delicate  crystalliiie  texture  of  the 

depoat.    The  object   of  scratcb- 

bmshing  is  to  obliterate  the  wbit« 

"  burr,"  as  it  is  called,  before  the 

work  ia  placed  in  the  hands  of  the 

bumUher   or  polisher,   otherwise 

it  would  be  apt  to  show  in  such 
parte  of  the  finished  article  as 
could  not  be  reached  by  the  tools  ^g.  95. 

employed  in  those  operations.    As 

in  the  case  of  gilding,  the  revolving  wmtj'h-brui'hcH  are  kept  con- 
stantly wetted  by  a  thin  stream  of  elale  liccr,  or  half  beer  and 
wBt<T,  supplied,  by  means  of  a  tap,  from  a  small  vk-sioI  (which  may 
conveniently  be  a  wooden  bucket)  placed  on  the  top  of  the  scratch- 
brush  box.  A  tin  can,  or  other  light  veseel,  sitandH  upon  the  finer, 
beneath  the  bon,  to  catch  the  beer  runnings,  which  escape  through 
a  pipe  let  into  a  hole  in  tbe  bottom  of  the  box.  A  stdll  more  handy 
plan  is  to  have  a  small  hook  fixed  below  the  r^ht-hand  comer  of 
the  Bcrateh-bmsh  box,  for  supporting  a  tin  can  or  other  vessel ;  and 
I^  giving  the  box  a  slight  inclination  forwards,  and  towards  tbe  right- 
hand  oomar,  the  liijuor  will  fiow  out  through  a  hole  at  the  comer,  in 
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which  a  ahort  piece  of  lead  pipe  should  be  inserted.  By  this  aixaage- 
ment  (Fig.  95],  the  workman  can  empty  the  can  into  theyeflsel  above, 
wheneyer  the  beer  liquor  ceases  to  drip  upon  the  scratch-brushes, 
without  allowing*  the  driving  wheel  to  stop.  Much  timemay  be  saved 
in  this  way,  especially  when  the  liquid  happens  to  run  short,  at  which 

tune  the  can  requires  to  be  emptied 
frequently.  To  prevent  the  beer 
runnings  from  overflowing,  and 
thus  making  a  mess  on  the  floor, 
while  wasting  the  liquor,  no  more 
liquor  should  be  put  into  the 
p.    ^^  cLBtem  above  than  the  vessel  be- 

low will  contain.  A  quart  or 
three-pint  can  full  will  be  quite  sufficient  for  ordinary  work,  and  a 
vessel  of  this  latter  capacity  will  be  quite  as  large  as  the  workman 
can  manipulate  readily  without  stopping  the  lathe. 

The  lathe  scratch-brush  consists  of  a  series  of  six  or  eight  scratch- 
brushes  (according  to  the  number  of  grooves  in  the  '*  chuck  ")  bound 
to  the  chuck  by  strong  cord,  as  in  Fig.  96.  Previous  to 
fixing  the  brushes,  the  skein  of  fine  brass  wire  forming  a 
single  scratch -brush.  Fig.  97,  is  to  be  out  with  a  pair  of 
shears  or  strong  scissors.  Before  applying  the  compound 
brush — which  is  connected  to  the  lathe-head  by  means  of  its 
screwed  socket — to  the  plated  work,  the  brushes  should  be 
opened,  or  spread,  by  pressing  rather  hard  upon  them,  while 
revolving,  with  a  piece  of  stout  metal,  or  the  handle  of  one 
of  the  cleaning  brushes ;  this  will  spread  the  bundles  of  wire 
into  a  brush-like  form  suitable  for  the  purpose  to  which  they 
are  to  be  applied.  It  may  be  well  to  state  that  the  revolving 
scratch-brush  should  on  no  account  be  applied  to  the  work  in 
a  dry  state,  but  only  when  the  beer  liquor  is  running  suffi- 
ciently free  to  keep  the  brushes  wei. 

In  working  the  scratch -brush,  it  must  be  allowed  to  re- 
volve to  the  right  of  the  operator,  otherwise  the  **  chuck  "  will 
be  liable  to  come  unscrewed  ;  moreover,  this  is  the  most  con- 
venient motion  for  enabling  the  workman  to  guide  the  articles 
without  risk  of  their  being  jerked  out  of  his  hand — an  acci- 
dent that  might  readily  occur  if  he  inadvertently  turned  the 
PI  wheel  the  wrong  way.    In  scratch -brushing  spoons  and  forks, 

'  a  very  moderate  pressure  is  all  that  is  necessary  to  render 
the  surface  bright;  a  little  more  pressure,  however,  is  required 
for  the  edges  of  salvers,  dishes,  handles  and  feet  of  cruet  stands,  and 
other  work  in  which  hollows  of  some  depth  form  a  necessary  feature 
of  the  ornamental  moimts. 
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nattniT  Ivj  ]>]rBaiBO-BlMtvioit3r. — In  the  larg^er  electro-plating 
ertabliahmentB,  magneto  or  djnamo-electrio  machines  are  employed, 
and  the  cnirent  from  these  poweifal  machines  is  conveyed  by- 
stout  leading  wires  to  the  Tazions  baths,  the  foroe  of  the  current 
entering  the  baths  being  regnlated  by  resistances.  In  works  of 
moderau  dimensions,  a  good  machine,  either  of  the  magneto  or 
dynamo-eleotrio  tjrpe,  will  supply  sufScient  electricity  to  work  a  large 
bath  of  each  of  the  following  solutions:  nickel,  silver,  brass  and 
copper,  as  also  a  good-sized  gold  bath.  In  working  with  these 
machines,  it  is  of  the  greatest  importance  that  they  should  be  driven 
at  an  uniform  speed  ;  and  though  some  machines  require  to  be 
driven  at  a  higher  rate  of  speed  than  others,  the  nn^-gimnm  allowed 
by  the  respective  makers  should  never  be  exceeded,  or  the  machine 
may  become  considerably  heated  and  seriously  injured.  When  start- 
ing the  machine,  the  number  of  its  revolutions  should  be  ascertained 
by  means  of  the  tpeed  indicator  referred  to  elsewhere,  and  as  far  as 
practicable  the  noimal  speed  should  be  maintained  without  sensible 
variation  while  the  current  is  passing  into  the  vats.  Although  this 
uniformity  of  speed  is  more  certainly  obtained,  we  believe,  with  gas 
engines  than  with  steam  power,  if  proper  care  and  attention  are  gfiven, 
and  frequent  examination  of  the  speed  of  the  dynamo-annature  made  by 
the  plater,  tolerable  regularity  may  be  attained  from  the  latter  source 
of  power.  It  must  always  be  remembered  by  the  plater,  that  when 
the  engine  which  drives  the  dynamo  is  also  employed  for  driving 
polishing  lathes,  emery  wheels,  &o.,  when  very  heavy  pieces  are  being 
treated  in  the  polishing  shop  the  speed  of  the  dynamo  may  be  greatly 
influenced  ;  indeed  we  have  frequently  known  the  belt  to  be  suddenly 
thrown  off  the  pulley  of  a  dynamo  from  this  cause,  and  the  machine, 
of  course,  brought  to  a  full  stop. 
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CHAPTEE  XVI. 

ELECTRO-DEPOSITION  OF  SILVER  {continued). 

Plating  Britannia  Metal,  iic. — Plating  Zinc,  Iron,  <bc.— Replating  Old  Woric 
.-Preparation  of  Old  Plated  Ware.— Stripping  Silvei  from  Old  Plated 
Articles. — Stripping  Gold  from  Old  Plated  Articles.— Hand  Polishing. 
— Resilvering  Electro-plate. — Ctiaracteristics  of  Electro-plate. — Deposit- 
ing Silver  by  Weight. — Boseleur's  Argyrometric  Scale. — Solid  Silver 
Deposits. — On  the  Thiclcnees  of  Electro-deposited  Silver. — Pyro-plating. 
—Whitening  Electro-plated  Articles.— Whitening  Silver  Work. 

Plattns  Britannia  Bletal,  *e. — It  was  formerly  the  practice  to 
give  a  coating  of  copper  or  brass  to  articles  made  from  Britazmia 
metal,  tin,  lead,  or  pewter,  since  it  was  found  difficult  otherwise  to 
plate  such  metals  and  alloys  successfully,  that  is  without  being  liable 
to  strip.  It  is  usual  now,  however,  to  immerse  the  articles  first  in  the 
hot  potash  solution,  and  to  place  them,  with  or  without  previous 
rinsing,  in  the  depositing- bath.  Since  the  potash  bath  dissolves  a 
small  quantity  of  metal  from  the  surface  of  articles  made  from  these 
metals,  a  favourable  surface  is  left  for  the  reception  of  the  silver 
deposit,  to  which  the  metal  adheres  tolerably  well — indeed  sufficiently 
so  to  bear  the  pressure  of  the  burnishing  tools.  Since  Britannia 
metal,  pewter,  &c.,  are  not  such  good  conductors  of  electricity  as 
German  silver,  copper,  or  brass,  an  energetic  current  must  be  applied 
when  the  articles  are  first  immersed  in  the  bath,  and  when  the  whole 
surface  of  each  article  is  perfectly  coated  with  silver,  the  amount  of 
current  may  be  somewhat  diminished  for  a  time,  and  again  augmented 
as  the  deposit  becomes  stouter ;  care  being  taken  not  to  employ  too 
strong  a  current,  however,  in  any  st&ge  of  the  plating  process.  It 
may  be  mentioned  that  articles  made  from  Britannia  metal — which 
are  gpenerally  sold  at  a  very  low  price — are  seldom  honoured  with  more 
than  a  mere  film  of  silver,  in  fact  just  so  much  as  will  render  them 
marketable,  and  no  more ;  still,  however,  a  very  extensive  trade  is 
done  in  work  of  this  description,  much  of  which  presents  an  exceed- 
ingly creditable  appearance. 

Plating  Zinc,  Iron,  See. — ^To  coat  these  metals  with  silver,  it  is 
best  to  first  give  them  a  slight  coating  of  brass  or  copper,  in  an  alka- 
line solution,  which  docs  not  occupy  much  time,  neitiier  is  it  a  costiy 


BEPLATINO   OLD   WOBK.  259 

proceeding.  Both  these  metals  adhere  pretty  firmly  to  zinc,  iron, 
and  steel,  while  silver  attaches  itself  freely  to  brass  and  copper. 
If  hot  solutions  of  copper  or  brass  arc  used,  the  trifling  deposit 
required  to  enable  the  subsequent  coating  of  silver  to  adhere  to  the 
zinc,  &c.,  can  be  obtained  in  a  very  few  minutes.  Each  opera- 
tion, however,  should  follow  in  quick  and  unbroken  succession,  for  if 
the  brass  or  copper- coated  article  be  allowed  to  remain,  even  for  a  few 
seconds,  in  the  air  before  being  placed  in  the  silver  bath,  it  will 
rapidly  oxidise,  and  render  the  deposited  silver  liable  to  strip  when  the 
article  is  scratch-brushed.  Moreover,  if  the  brassed  or  coppered 
articles  are  allowed  to  remain  for  a  short  time  in  the  air  while  in  a 
moist  condition,  voltaic  action  will  be  set  up  between  the  zinc  and  the 
metallic  covering,  by  which  the  latter  will  become  loosened,  and  will 
readily  peel  off  under  the  action  of  the  scratch-brush.  Each  article, 
after  being  brassed  or  coppered,  should,  after  rinsing,  be  placed  at 
once  in  the  silvering-bath. 

»1»latlng  Old  Work. — Under  this  head  must  be  considered  not 
only  the  old  Sheffield  and  Birmingham  ware,  the  manufacture  of 
which  became  superseded  by  the  electro-plating  process,  but  also  the 
moro  modem  article  known  as  **  electro -plate  *'  (the  basis  of  which  is 
G^erman  silver),  which  has,  by  domestic  use,  become  unsightly  in  con- 
sequence of  the  silver  having  worn  off  the  edges  and  other  prominent 
parts  most  subject  to  friction  in  the  process  of  cleaning.  In  the  busi- 
ness of  replating,  thero  must  ever  be  a  constant  if  not  a  growing 
trade,  if  we  consider  the  enormous  quantity  of  plated  goods  which 
annually  flow  into  the  market,  and  which  must — even  the  best  of  it — 
requiro  rosilvering  at  some  time  or  other,  while  the  inferior  classes  of 
goods  may  requiro  the  ser\'icc8  of  the  electro-plater  at  a  much  earlier 
period  than  the  purchaser  of  the  articles  expected. 

Prfparation  of  OU  ^'Vlatod"  "War*  fbr  BmUtotIbs.— These 
articles,  whether  of  Sheffield  or  Birmingham  manufacturo,  have  a 
basis  of  copper.  The  better  class  of  plated  waro,  which  was  originally 
sold  at  about  half  the  price  of  standard  silver,  and  some  of  which  may 
be  occasionally  met  with,  though  doubtless  becoming  rarer  every  year, 
is  of  most  excellent  quality,  both  as  to  design  and  workmanship,  and 
when  properly  prepared  for  replating,  and  well  silvered  and  finished 
after,  is  well  worthy  of  being  roplaced  upon  the  table  by  the  side  of 
the  moro  modem  articles  of  electro-plate.  Such  articles,  however, 
should  never  be  roplated  with  an  insignificant  coating  of  silver,  since 
the  copper  surface  beneath  would  soon  reappear  and  expose  the  indif- 
ferent quality  of  the  plater's  work.  It  may  be  well  to  state,  however, 
that  by  far  the  greater  proportion  of  old  **  plated ''  articles  aro  not  of 
the  same  quality  as  the  old  Sheffield  plate  and  the  equally  admirable 
work  formerly  manufactured  by  the  distinguished  firm  of  Boulton  and 


26o  ELECTBO-DBFOSinON    OF   StLVER. 

Wdtty  of  Birmingham,  some  specimens  of  which  may  also  be  coca- 
aionallj  met  with ;  but  a  very  inferior  class  of  g^oods,  which  maj 
generally  be  recognised  by  their  having  lost  nearly  the  whole  of  their 
silver  covering — which  was  never  very  much — ^whereas  in  the  better 
class  of  old  plated  ware  the  silver  has  worn  off  chiefly  at  the  extreme 
edges,  while  the  remainder  of  the  article  retains  a  sound  coating  of  silver. 

In  preparing  old  plated  cruet  frames,  &c.,  for  replating,  the  wires, 
which  are  g^enerally  attached  by  soft  solder  to  the  stands,  must  be 
separated  by  first  scraping  the  solder  clean,  and  then  applying  a  hot 
soldering-iron  (using  a  little  powdered  resin),  which  must  be  done 
very  carefully,  otherwise  the  solder  which  connects  the  feet  of  the 
stand  may  become  melted,  causing  them  to  drop  off ;  it  is  safer,  when 
applying  the  hot  iron,  to  have  an  assistant  at  hand,  who  with  a  brush 
or  harems  foot  should  wipe  away  the  solder  from  the  joint  when  it  is 
melted.  All  the  joints  being  treated  in  this  way,  in  the  first  instance, 
the  ground  is  cleared,  when  by  a  fresh  appUoation  of  the  soldering- 
iron  the  legs  of  the  wire  may  be  loosened,  one  at  a  time,  until  the 
whole  series  have  become  partially  displaced,  after  which,  by  ag^ain 
applying  the  hot  iron,  the  legs,  one  after  another,  may  be  forced  out. 
If  the  two  parts  of  the  frame  are  not  taken  asunder  in  this  cautious 
way,  the  workman  may  involve  himself  in  much  trouble  from  the 
melting  of  the  lead  mounts  (called  **  silver  *'  mounts],  the  dropping 
off  of  legSf  feet,  &c.,  all  of  which  may  be  avoided  in  the  way  we  have 
suggested.  It  must  be  understood  that  our  suggestions  are  specially' 
made  for  the  g^dance  of  those  who,  though  good  platers,  may  not  be 
experts  in  the  application  of  the  soldering-iron.  It  is  usually  the 
practice  to  remove  what  silver  there  may  be  upon  old  plated  articles 
by  the  process  termed  "  stripping."  This  consists  in  immersing  the 
article  in  a  hot  acid  liquid  which,  while  dissolving  the  silver  from  the 
surface,  acts  but  little  upon  the  underlying  metal,  whether  it  be  of 
copper,  brass,  or  German  silver.  The  process  of  stripping  being  an 
important  auxiliary  in  connection  with  the  replating  of  old  work,  as 
also  in  cases  in  which  an  imsuccessful  deposit  has  been  obtained  upon 
new  work,  we  may  advantag^usly  describe  the  process  at  once ;  but 
previous  to  doing  so,  we  may  state  that  the  silver  removed  by  stripping 
from  the  better  class  of  old  plated  articles  is  sometimes  an  important 
gain  to  the  electro-plater,  if  he  be  fortunate  enough  to  receive  a 
liberal  amount  of  such  work,  while,  on  the  other  hand,  the  inferior 
qualities  of  plated  ware  will  yield  him  no  such  satisfaction. 

BtrippliiS  Bllvar  from.  Old  Flatod  .AirtielM. — A  stripping -bath  is 
first  made  by  pouring  a  sufficient  quantity  of  strong  oil  of  vitriol  into 
a  suitable  stoneware  vessel,  which  must  be  made  hot,  either  by  means 
of  a  sand  bath,  or  in  any  other  convenient  way.  To  this  must  be 
added  a  small  quantity  of  either  nitrate  of  potash,  or  nitrate  of  soda, 


tnopMxG  ou>  PLktmD  ABticuca.  261 

and  the  mixtnve  stined  witha  stout  glaas  rod  until  the  telts  are  di»- 
eolTod.  The  article  to  be  stripped  is  first  slung  upon  a  stout  copper 
wire ;  it  is  then  to  be  lowered  in  the  liquid,  being  held  by  the  wire, 
until  wholly  immerBed.  LeaTe  the  artide  thus  for  a  few  moments, 
then  raise  it  out  of  the  solution,  and  obeenre  if  the  sQver  has  been 
partially  removed ;  then  redip  the  article  and  leave  it  in  the  bath  for 
a  short  time  longer,  then  examine  it  again ;  if  the  action  appears 
rather  slow,  add  a  little  more  nitre,  and  agfain  immerse  the  article. 
When  the  silver  appears  to  be  dissolving  off  pretty  freely,  the  opera- 
hon.  must  be  watched  with  care,  by  dipping  the  article  up  and  down  in 
the  solution,  and  looking  at  it  occasionally,  and  the  operation  must  be 
kept  up  until  all  the  sQver  has  disappeared,  leaving  a  bare  copper 
surface.  When  a  large  number  of  articles  have  to  be  stripped,  a  good 
many  of  these  may  be  placed  in  a  hot  acid  bath  at  the  same  time,  but 
since  they  will  doubtless  vary  greatly  in  the  proportion  of  silver  upon 
them,  they  should  be  constantly  examined,  and  those  which  are 
first  stripped,  or  desiheeredy  must  be  at  once  removed  and  plunged  into 
cold  wai^.  When  all  the  articles  are  thoroughly  freed  from  silver, 
and  weU  rinsed,  they  are  to  be  prepared  for  plating  by  first  bvffing 
them,  as  described  in  the  chapter  on  polishing,  after  which  they  are 
cleaned  and  quicked  in  ihe  same  way  as  new  work. 

A  Cold  Stripping  SoluHon^  which  is  not  so  quick  in  its  action  as  the 
former,  is  made  1^  putting  in  a  stoneware  vessel  a  quantity  of  strong 
sulphuric  acid,  to  which  is  added  concentrated  nitric  acid  in  the  pro- 
portion of  I  part  of  the  latter  acid  to  10  parts  of  the  former  (by 
measnre).  In  this  mixture  the  articles  are  suspended  until  they  g^ve 
signs  of  being  nearly  deprived  of  their  silver,  when  they  are  somewhat 
more  closely  attended  to  until  the  removal  of  the  silver  is  complete, 
when  they  are  at  once  placed  in  cold  water.  The  articles  must  be 
perfectly  dry  when  placed  in  this  stripping  liquid,  since  the  presence 
of  even  a  small  quantity  of  water  will  cause  the  acid  to  attack  the 
copper,  brass,  or  Gterman  silver,  of  which  the  articles  may  be  made. 
The  vessel  should  also  be  kept  constantly  covered,  since  sulphuric  acid 
attracts  moisture  from  the  air.  The  silver  may  be  recovered  from  old 
stripping  solutions  by  either  of  the  methods  described  elsewhere. 

Buffing  Old  Work  after  Stripping. — ^The  stripped  articles,  after  being 
thoroughly  well  rinsed  and  dried,  ore  sent  to  the  polishing  shop,  where 
they  are  buffed  and  finished,  and  the  cavities,  caused  by  the  action  of 
vinegar  or  other  condiments  upon  the  base  of  cruet  stands,  as  far  as 
possible  removed.  Sometimee  these  depressions  are  so  deep  that  they 
cannot  be  wholly  removed  without  rendering  the  surface  so  thin  that, 
in  buiniahing  this  portion  of  the  article,  it  is  liable  to  warp  or  become 
stretched,  rendering  the  fiat  surface  unsightly  for  ever  after.  The 
back  of  the  stand,  which  is  usually  coated  with  tin,  should  be  roughly 
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**  bobbed  "  with  sand  until  all  the  tin  is  removed.  The  next  items, 
which  usually  give  some  trouble,  are  the  so-called  **  silver  mounts," 
which  are  commonly  of  two  Hnds.  The  edge,  or  border  of  the  stand, 
being  originally  a  shell  of  silver  foil,  struck  in  design,  and  fiUed  or 
backed  up  with  lead  or  solder,  is  generally  more  or  less  free  from 
silver,  except  in  the  hoUows  ;  and  since  the  soft  metal  does  not  receive 
the  silver  deposit  so  favourably  as  the  metal  of  which  the  rest  of  the 
article  is  composed,  these  edges  must  receive  special  treatment,  other- 
wise the  sUver  deposited  upon  them  will  be  brushed  off  in  the  after- 
process  of  scratch-brushing.  There  are  several  ways  of  treating  ''lead 
edges,  ^*  as  they  are  properly  called.  Some  persons  remove  them  alto* 
gether,  and  replace  them  by  brass  mounts,  which  are  specially  sold  for 
this  purpose.  If  this  plan  be  not  adopted,  we  must  endeavour  to 
induce  the  silver  to  adhere  to  the  lead  mounts  by  some  means  or  other. 
The  edge  of  the  article,  after  being  cleaned,  may  be  suspended,  one 
angle  at  a  time,  in  a  brassing  bath,  or  alkaline  coppering  solution, 
until  a  film  of  either  metal  is  deposited  upon  the  leaden  mount,  when, 
after  being  rinsed,  a  second  angle  may  be  treated  in  the  same  way, 
and  so  on,  until  the  entire  edge  is  brassed  or  coppered.  The  small 
amount  of  brass  or  copper,  as  the  case  may  be,  which  may  have 
deposited  upon  the  plain  portions  of  the  work,  may  be  removed  by 
means  of  a  soft  piece  of  wood,  powdered  pumice,  and  water.  Edges 
treated  in  this  way  generally  receive  a  good  adherent  coating  of 
silver.  Sometimes,  but  not  always,  the  ordinary  ''quioking*'  will 
assist  the  adhesion  of  the  silver  to  the  lead  mounts.  Another  method 
of  depositing  a  firm  coating  of  copper  upon  lead  edges  is  to  put  a 
weak  acid  solution  of  sulphate  of  copper  in  a  shallow  vessel,  and  having 
a  small  piece  of  iron  rod  in  one  hand,  to  lower  one  portion  of  the  edg^e 
of  the  cruet  bottom  into  the  solution  ;  then  touching  the  article  under 
the  liquid,  in  a  short  time  a  bright  coating  of  copper  will  be  deposited 
upon  the  leaden  surfaces,  by  means  of  the  voltaic  action  thus  set  up, 
when  this  portion  may  be  rinsed,  and  the  remainder  treated  in  the 
same  way.  Or  take  a  small  piece  of  copper,  and  connect  it  by  a  wire 
to  the  positive  electrode  of  a  battery,  envelop  this  copper  in  a  piece  of 
chamois  leather  or  rag,  then  put  the  article  in  connection  with  the 
negative  electrode.  By  dipping  the  pad,  or  *'  doctor,'*  in  either  an 
acid  or  an  alkaline  solution  of  copper,  or  in  a  warm  brassing  solution, 
and  applying  it  to  the  part  required  to  be  coated,  a  deposit  will  at 
once  take  place,  which  may  be  strengthened  by  repeatedly  dipping  the 
pad  in  the  solution  and  applying  again.  In  this  way,  by  moving  the 
pad  containing  the  small  anode  of  copper  or  brass  along  the  edge,  the 
required  deposit  may  be  effected  in  a  very  short  time  with  a  battery  of 
good  power — a  Bunsen  'cell,  for  example. 
Old  **  pl&ted  "  tea  and  coffee  pots  are  invariably  coated  inside  with 
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tin ;  and  if  this  part  of  thd  article  Is  required  to  be  Hilvcred — which  is 
sometimes,  though  not  always,  the  case — ^the  tin  should  first  be 
removed  by  dissolving  it  in  some  menstruum  which  will  not  dissolve 
the  copper  beneath.  For  this  purpose  either  hydrochloric  acid  or  a 
solution  of  caustic  potash  may  be  used.  If  the  former,  the  inside  of 
the  vessel  should  first  be  filled  with  a  boiling  hot  solution  of  potash, 
and  after  a  time  the  liquid  is  to  be  poured  out  and  thoroughly  rinsed. 
It  must  then  be  filled  with  strong  muriatic  acid,  and  allowed  to  rest 
until  the  upper  surface,  upon  being  rubbed  with  a  strip  of  wood, 
exposes  the  copper,  when  the  acid  is  to  be  poured  out,  and  the  vessel 
again  rinsed.  The  inside  must  now  be  cleaned  by  brushing  with 
silver  sand  and  water  as  far  as  the  brush  will  reach,  when  the  bottom 
and  hollow  parts  of  the  body  may  be  scoured  with  a  mop  made  with 
rag  or  pieces  of  cloth  and  silver  sand.  If  it  is  preferred  to  dissolve 
the  tin  from  the  inside  of  the  vessel  by  means  of  potash,  the  hot  liquid 
must  be  poured  in  as  before,  and  the  vessel  placed  where  the  heat  can 
be  kept  up  until  the  desired  object — ^the  removal  of  the  tin — is  attained, 
when  the  vessel  must  be  cleaned  aj  before.  Dissolving  the  tin  from 
the  Inside  of  such  old  plated  articles  should  be  the  first  preparatory 
process  they  are  subjected  to  ;  indeed,  the  interiors  of  all  vessels  to  be 
electro-plated  should  be  attended  to  first,  in  all  the  preliminary  opera- 
tions, but  more  especially  in  the  operations  of  scouring,  in  which  the 
handling  of  the  outside,  though  a  necessity,  is  liable  to  cause  the  work 
to  strip  (especially  in  nickel-plating),  unless  the  hands  are  kept  well 
charged  with  the  pumice  or  other  gritty  matter  used  in  scouring.  To 
remove  tin  from  copper  surfaces,  a  hot  solution  of  perehhride  of  iron 
may  also  be  used,  for  although  this  iron  salt  acts  freely  upon  copper, 
voltaic  action  is  at  once  set  up  when  the  two  metals,  tin  and  copper, 
come  in  contact  with  the  hot  solution  of  the  perchloride,  which 
quickly  loosens  the  tin  so  that  it  may  be  brushed  away  with  perfect 
ease.  From  the  rapidity  of  its  action,  we  should  prefer  to  adopt  the 
latter  mode  of  de- tinning  copper  articles,  but  either  of  the  former 
would  be  safest  in  the  hands  of  careless  or  inexperienced  manipu- 
lators. 

Old  ''plated  " — we  use  the  term  in  reference  to  Sheffield  ware  more 
especially — sug^-bowls,  cream-ewers,  mugs,  goblets,  &c.,  which  have 
been  gilt  inside,  should  have  what  gold  may  still  remain  upon  the 
article  **  stripped  off  **  before  other  operations  are  proceeded  with  ; 
and  since  these  articles  were  originally  mercury  ffiU,  in  which  a  liberal 
amount  of  gold  was  often  employed,  it  is  frequentiy  worth  while  to 
remove  this  by  dissolving  it  from  the  insides  of  the  vessels  ;  and  the 
same  practice  should  be  adopted  with  all  silver-gilt  articles  which  are 
merely  required  to  be  whitened,  to  which  we  shall  refer  in  another 
place. 
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sagar-bowl  or  other  veesel  is  placed  on  a  level  table  or  benoh,  and  pat 
in  oonneotion  with  the  positiye  electrode  of  a  battery.  A  strip  of 
sheet  copper  or  platinum  foil  is  next  to  be  attached  to  the  negative 
electrode,  and  placed  inside  the  vessel,  without  touching  at  any  point. 
By  this  arrangement  the  article  becomes  an  anode.  The  vessel  must 
now  be  filled  with  a  moderately  strong  solution  of  cyanide  of  potas- 
sium, consisting  of  about  4  ounces  of  cyanide  to  i  quart  of  water. 
Since  the  metal  beneath  will  also  dissolve  in  the  cyanide  solution,  the 
operation  must  be  stopped  as  soon  so  the  gold  has  disappeared  from 
the  surface.  The  solution  should  then  be  poured  out,  and  bottled  for 
future  use.  When  the  stripping  solution,  from  frequent  use,  has 
acquired  sufficient  gold  to  make  it  worth  while  to  do  so,  the  metal  may 
be  extracted  by  any  of  the  processes  given  in  another  chapter. 

Old  plated  table  candlesticks,  some  of  which  are  of  admirable  design 
and  well  put  together,  may  be  occasionally  met  with,  as  also  a  very 
inferior  article,  the  parts  of  which  are  mainly  held  together  by  a 
lining  or  *'  filling  "  of  pitch,  or  some  resinous  compound.  In  treating 
old  plated  candlesticks,  the  removal  of  the  JUling  should  be  the  first 
consideration,  since  it  will  give  the  plater  a  vast  amount  of  after 
trouble  if  he  attempts  to  plate  them  while  tiie  resinous  or  other  matter 
remains  in  the  interior.  In  the  first  place,  the  silver  solution  will  be 
sure  to  find  its  way  into  the  hollow  of  the  article,  from  which  it  will 
be  next  to  impossible  to  entirely  extract  it  when  the  article  is  plated, 
for  the  liquid  will  continue  to  slowly  exude  for  days,  or  even  weeks, 
after  the  article  is  finished.  Again,  if  the  article  be  plated  without 
removing  the  filling  material,  this,  being  freely  acted  upon  by  the 
cyanide  solution,  will  surely  harm  it.  After  removing  the  socket,  the 
green  baize  or  cloth  should  be  removed  from  the  base  of  the  candle- 
stick, when  it  should  be  placed  before  a  fire  imtil  the  whole  of  the 
resinous  matter  or  pitch  has  run  out.  To  facilitate  this,  the  article 
should  be  slightiy  inclined  in  an  iron  tray  or  other  vessel,  so  that  the 
resinous  matter  may  freely  ooze  out  and  be  collected.  In  dealing  with 
the  inferior  varieties  of  candlesticks — which  may  be  known  by  aU  or 
nearly  aU  the  silver  having  worn  from  their  surface — the  plater  may 
find,  to  his  chagrin,  that  before  all  the  stuffing  has  run  out  the  candle- 
stick will  have  literally  fallen  to  pieces.  The  various  parts,  not  having 
been  originally  put  together  with  solder,  but  held  in  position  merely 
by  the  filling  material,  readily  come  asunder  when  the  internal  lining 
is  loosened.  In  such  a  case  as  this  he  should,  without  losing  his 
temper  (if  possible),  determine  to  prepare  and  plate  all  the  parts 
separately  (keeping  the  parts  of  each  *'  stick  "  together),  and  after 
scratch -brushing,  carefully  put  them  together  again.  The  candlestick 
should  now  be  turned  upside  down,  and  held  in  this  position  by  an 
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aaaiBtani,  while  a  Biii&oient  quantify  of  pitch  (previonalj  melted  in  an 
earthenware  pipkin)  is  ponred  in.  The  candleatiok  must  be  left  in 
the  erect  position  until  the  filling  haa  nearly  set,  when  the  hoUow 
formed  by  the  oontnotion  of  this  sdbetanoe  must  be  filled  np  with  the 
same  material,  and  the  artide  then  left  until  quite  cold,  when  it  may 
be  handed  over  to  the  burnisher.  When  burnished,  the  surface  of  the 
pitch  should  be  levelled  with  a  hot  iron,  and  then  at  once  brought  in 
contact  with  a  piece  of  green  baize,  placed  upon  a  table,  and  gentle 
pressure  applied  to  cause  the  uniform  adhesion  of  the  two  surfttces. 
When  cold,  the  remainder  of  the  baize  is  cut  away  by  means  of  a 
sharp  pair  of  scissors,  when,  after  being  wiped  with  a  dean  or  slightly 
rouged  chamois  leather,  the  article  is  finished. 

Band  gftliahlng. — ^When  the  electro-plater  is  unproyided  with  a 
proper  polishing  lathe  and  the  yarious  appliances  ordinarily  used  in 
polishing  metals,  he  must  have  recourse  to  the  best  substitute  he  can 
command  for  polishing  by  hand.  To  aid  those  who  may  be  thus  cir- 
cumstanced, and  who  may  haye  no  special  knowledge  of  tlie  means 
by  which  the  rough  surfaces  of  old  work  may  be  rendered  suifidentiy 
smooth  for  replating,  we  will  g^ye  the  following  hints :  Ftocure  a  few 
sheets  of  emery-doth,  from  numbers  o  to  2  indusiye ;  one  or  two 
lumps  of  pumice-stone ;  a  piece  of  Water-of-Ayr  stone,  about  {  inch 
square  and  5  indies  long ;  also  a  littie  good  rottenstone,  and  a  small 
quantity  of  sweet  oil.  Suppose  it  is  necessary  to  render  smooth  the 
base,  or  stand,  of  an  old  cruet  frame,  deeply  marked  on  its  plane  sur- 
face by  thecorroeiye,  or,  rather,  yoltaic  action  of  the  yinegar  dropping 
from  the  cruets  upon  the  plated  surface.  The  artide,  after  being 
stnppedj  as  before,  should  be  laid  upon  a  solid  bench,  and  a  lump  of 
pumice  (preyioudy  rubbed  flat  upon  its  broadest  part)  frequentiy 
dipped  in  water  and  well  rubbed  over  the  whole  surface,  that  is,  not 
merdy  where  the  cayities  are  most  yidble,  but  all  over.  After  thus 
rubbing  for  some  time,  the  stand  is  to  be  rinsed,  so  that  the  operator 
may  see  how  far  his  labour  has  succeeded  in  reducing  the  depth  of 
the  **  pit-marks."  The  stoning  must  then  be  resumed,  and  when  the 
surface  appears  tolerably  uniform,  the  article  should  be  well  rinsed, 
dried,  and  again  examined,  when  if  the  marks  are  considerably 
obliterated,  a  piece  of  No.  2  emery-cloth  may  be  briskly  applied  to 
the  suiface  by  being  placed  oyer  a  large  cork  or  bimg,  after  which  a 
finer  emery-cloth  should  be  applied.  The  article  should  next  be 
thoroughly  rinsed,  and  brudied  with  water  to  remoye  all  particles  of 
emery ;  and  while  still  wet,  the  Water-of-Ayr  stone  must  be  rubbed 
oyer  the  surface.  The  stone  should  be  held  in  an  inclined  position, 
frequently  dipped  in  water,  and  passed  from  end  to  end  of  the  artide. 
The  effect  of  this  wiU  be— and  mmt  be — to  remove  all  the  scratches  or 
mad»  produced  by  the  pumice  and  emeiy-doth.    Until  these  have 
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disappeared,  Uie  smooth  bat  keenly-cutting  stone  must  be  applied. 
After  having  rendered  the  surface  perfectly  smooth,  the  article  is  to  be 
ag^in  rinsed  and  dried.  It  must  now  be  briskly  rubbed  with  rotten - 
stone,  moistened  with  oil,  and  applied  with  a  piece  of  buff,  or  belt 
(such  as  soldiers'  belts  are  made  of),  glued  to  a  piece  of  wood.  When 
sufficiently  rubbed  or  buffed  with  the  rottenstone,  the  surface  will  be 
bright,  and  in  order  to  ascertain  how  the  work  progresses,  it  should 
occasionally  be  wiped  with  a  piece  of  rag.  In  very  old  plated  articles, 
the  pit-holes  axe  frequently  so  deep  that  to  entirely  obliterate  them 
would  render  the  metal  so  thin  as  to  spoil  the  article.  It  is  better, 
therefore,  not  to  go  too  far  in  this  respect,  and  to  trust  to  the  cruets, 
when  in  their  places,  disguising  whateyer  remains  of  the  blemishes, 
after  the  foregoing  treatment,  rather  than  to  endang^  the  solidity  of 
the  stand  itself.  By  employing  pieces  of  pumice  of  various  sizes 
(keeping  the  flattened  piece  for  plane  surfaces),  strips  of  emery-cloth 
folded  over  pieces  of  soft  wood,  Water-of-Ayr  stone,  and  ordinary 
hand  ''buff-sticks"  of  various  kinds,  the  ''wires'*  of  old  cruet 
and  liqueur  frames  may  be  rendered  smooth  enough  for  plating.  With 
perseverance,  and  the  necessary  labour,  many  old  articles  may  be  put 
into  a  condition  for  plating  by  hand  labour  with  very  creditable 
results  ;  and  it  may  be  some  consolation  to  those  living  at  a  distance 
from  large  towns,  if  we  tell  them  that  during  the  first  ten  years  of  the 
electro-plating  art,  the  numerous  host  of  "  small  men  "  had  no  other 
means  of  preparing  their  work  for  plating  than  those  we  have  men- 
tioned, many  of  whom  have  since  become  electro-depositors  upon  an 
extensive  scale. 

S^BUvwrliis  lll«etro-plate. — ^This  is  quite  a  distinct  class  of  ware 
from  the  preceding,  inasmuch  as  the  articles  are  manufactured  from 
what  is  called  white  tnctal,  in  contradistinction  to  the  basis  of  Sheffield 
plate,  which,  as  we  have  said,  is  the  red  metal  copper.  The  better 
class  of  electro-plate  is  manufactured  from  a  good  quality  of  the  alloy 
known  as  German  silver,  which,  approaching  nearly  to  its  whiteness, 
does  not  become  very  distinctly  visible  when  the  silver  has  worn  from 
its  surface.  Inferior  qualities  of  this  alloy,  however,  are  extensively 
used  for  the  manufacture  of  cheap  electro-plate,  which  is  very  little 
superior,  as  far  as  colour  goes,  to  pale  brass,  while  the  latter  alloy  is 
also  employed  in  the  production  of  a  still  lower  class  of  work.  The 
comparatively  soft  alloy,  of  a  greyish-white  hue,  called  Britannia 
metaly  is  also  extensively  adopted  as  a  base  for  electro-plate  of  a  very 
showy  and  cheap  description,  of  which  enormous  quantities  enter  the 
market,  and  adorn  the  shop -windows  of  our  ironmongers  and  other 
dealers  m  cheap  electro-plated  goods.  To  determine  whether  an 
electro-plated  article  has  been  manufactured  from  a  hard  alloy,  such  as 
German  silver,  or  from  the  soft  alloy  Britannia  metal,  it  is  only  neces- 
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saiy  to  stzike  the  artido  with  any  hard  substance,  when  a  ringing, 
yilnratory  sound  will  be  produced  in  the  former  case,  while  a  dull, 
unmusical  sound,  with  but  little  vibration,  will  be  observed  in  the 
latter. 

Oharaetortotles  off  BUoetro-Vlate. — ^Electro -plated  articles  of  the 
best  quality  are  invariably  hard-soldered  in  all  their  parts ;  the  wires 
of  cruet  and  liquor  frames  are  attached  by  Grerman  silver  nuts  to  the 
screwed  uprights,  or  feet  of  the  wires,  instead  of  pewter  solder,  as  in 
plated  ware,  and  the  bottoms  of  the  stands  are  coated  with  silver, 
instead  of  being  tinned,  as  in  the  former  case.  The  mounts  are  of  the 
same  material  as  the  rest  of  the  article,  and  the  handles  and  feet  of 
cream-ewers  and  sugar-bowls  are  frequently  of  solid  cast  Q«rman 
silver.  With  these  advantages  the  electro -plater  should  have  little 
difficulty,  if  the  articles  have  received  fair  treatment  in  use,  in  re- 
plating  them  and  turning  them  out  nearly  equal  to  new,  which  it 
should  be  his  endeavour  to  do.  It  sometimes  occurs  that '  *  ship  plate  * ' — 
that  is,  plated  work  which  has  been  used  on  board  ship — when  it 
reaches  the  hands  of  the  electro-plater  exhibits  signs  of  very  rough 
usage  ;  comer  dishes  are  battered  and  full  of  indentations,  while  the 
flat  surfaces  of  the  insides  are  scored  with  cuts  and  scratches,  sugges- 
tive of  their  having  been  frequently  used  as  plates,  instead  of  mere 
receptacles  for  vegetables ;  the  prongs  of  the  forks,  too,  are  frequently 
notched,  cut,  and  bent  to  a  deplorable  extent.  All  Uiese  blemishes, 
however,  must  be  removed  by  proper  mechanical  treatment,  after 
the  remaining  silver  has  been  removed  by  the  stripping-bath.  It  is 
not  unusual  for  those  who  contract  for  the  replating  of  ship  work  to 
pay  hy  the  ounce  for  the  silver  deposited,  in  which  case  they  will  not 
allow  the  electro-plater  to  reap  the  full  advantage  of  the  old  silver 
removed  by  stripping,  but  will  demand  an  allowance  in  their  favour, 
which,  if  too  readily  agreed  to  by  an  inexperienced  plater,  might 
greatly  diminish  his  profit  if  the  cost  of  buf&ng  the  articles  happened 
to  be  unusually  heavy  ;  he  must,  therefore,  be  upon  his  guard  when 
undertaking  work  of  this  description  for  the  first  time,  since,  other- 
wise, he  may  suffer  considerable  loss,  for  which  the  present  rate  of 
payment  for  each  ounce  of  silver  deposited  will  not  compensate. 

After  stripping  and  rinsing,  the  articles  require  to  be  well  polished, 
or  buffed,  and  rendered  as  nearly  equal  to  new  work  as  possible ;  they 
are  then  to  be  potashed,  quicked,  plated,  and  finished  in  the  same  way 
as  new  goods.  Since  there  is  now  a  vast  quantity  of  nickel-plated 
work  in  the  market,  some  of  which  is  exceedingly  white  even  for  nickel, 
inexperienced  or  weak-sighted  platers  must  be  careful  not  to  mistake 
such  articles  for  silver-plated  work.  When  in  doubt,  applying  a  single 
drop  of  nitric  acid,  which  blackens  silver  while  producing  no  imme- 
diate effect  upon  nickel,  will  soon  set  the  mind  at  rest  upon  this  point. 


268  BLBOTBO-DBPOSmOK  OF  SlLYltfi. 

Electro-tiimed  artaoleB,  which  very  mndh  reaemble  silvered  work,  may 
also  be  detected  in  this  way.  We  are  tempted  to  make  one  other 
BQggestion  upon  this  subjeot,  which  may  not  be  deemed  out  of  place, 
it  is  this:  a  considerable  quantity  of  nickel-plated  German  silyer 
spoons  and  forks  are  entering  the  market,  which,  should  they  eventoaUy 
fall  into  the  hands  of  the  electro-plater  to  be  coated  with  silver,  may 
cause  him  some  trouble  if  he  inadvertently  treats  them  as  German 
silver  work,  which  in  his  haste  he  might  possibly  do,  and  attempts  to 
render  them  smooth  for  plating  by  the  ordinary  methods  of  hand  or 
lathe-buffing ;  the  extreme  hardness  of  nickel — even  as  compared  with 
German  silver — ^wiU  render  his  work  not  only  laborious,  but  unne- 
cessary, for  if  he  were  aware  of  the  true  nature  of  the  surface  he 
would  naturally  remove  the  nickel  by  means  of  a  stripping  solution, 
and  then  treat  the  article  as  ordiuary  German  silver,  work.  The 
stripping  solution  for  Hiis  purpose  wOl  be  given  when  izeating  of 
nickel  rtf-plating.  It  must  be  understood  that  in  making  sugg^estions 
of  this  nature,  in  passing,  that  they  are  intended  for  the  guidance  of 
those  who  may  not  have  had  the  advantages  of  much  practical  expe- 
rience, of  whom  there  are  many  in  every  art. 

D«positliis  8iiv«r  by  UtTclglit. — In  this  counlzy  the  silver  deposit 
is  frequently  paid  for  by  weight,  the  articles  being  carefully  weighed 
both  before  and  after  being  placed  in  the  plater's  hands.  The  price 
charged  for  depositing  silver  by  the  ounce  was  formerly  as  high  as 
14s.  6d. ;  at  the  present  period,  however,  about  8s.  per  ounce  only 
could  be  obtained,  and  in  some  cases  even  less  has  been  charged.  But 
unless  dynamo-electricity  be  employed  this  would  be  about  as  profitable 
as  giving  ten  shillings  for  half-a-sovereign.  In  France  electro-plating 
is  regulated  by  law,  all  manufacturers  being  required  to  weigh  each 
article,  when  ready  for  plating,  in  the  presence  of  a  comptroller 
appointed  by  the  Grovemment,  and  to  report  the  same  article  for 
weighing  again  after  plating.  In  this  way  the  comptroller  knows  to 
a  fraction  the  amount  of  precious  metal  that  has  been  added,  and  puts 
his  mark  upon  th&  wares  accordingly,  so  that  every  purchaser  may 
know  at  a  glance  what  he  is  buying.  In  Birmingham  there  is  a  class 
of  electro-depositors  called  **  electro-platers  to  the  trade,"  who  work 
exclusively  for  manufacturers  of  plated  g^ds  and  others  who,  though 
platers,  send  a  great  portion  of  their  work  to  the  *' trade"  electro - 
platers,  whose  extensive  and  more  complete  arrang^^nents  enable 
them  to  deposit  larg^  quantities  of  the  precious  metals  with  consider' 
able  economy  and  dispatch. 

In  depositing  silver  at  so  much  per  ounce,  the  weighed  articles, 
after  being  cleaned,  quicked,  and  rinsed,  are  put  into  the  bath,  in 
which  they  are  allowed  to  remain  until  the  plater  deems  it  advisable 
to  re-weigh  them,  when  they  are  removed  from  the  bath,  rinsed  in 
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hot  water,  and  placed  in  boxwood  aawduafc ;  they  are  then  lightly 
bmahed  oyer  to  zamoye  any  sawdmit  that  may  adhere  to  them,  and 
carefully  weighed.  If  still  insufficiently  coated  the  articles  are  again 
scratch-brushed,  quicked,  rinsed,  and  replaced  in  the  bath ;  the  re- 
weighing  and  other  operations  being  repeated  as  often  as  is  necessary 
until  the  required  deposit  is  obtained.  This  is  a  tedious  and  trouble- 
some method,  and  is  sometimes  substituted  by  the  following :  Suppose 
a  certain  number  of  spoons  and  forks  have  been  weighed  for  the 
plating-bath,  one  of  these  articles  is  selected  as  a  test  sample,  and  is 
weighed  separately ;  being  placed  in  the  bath  with  the  others,  it  is 
remoYcd  from  time  to  time  and  re- weighed,  to  determine  the  amount 
of  silver  it  has  acquired  in  the  bath.  Thus  if  24  dwts.  of  silver  are 
required  upon  each  dozen  of  spoons  or  forks,  when  the  test  sample 
has  received  about  2  dwts.  of  silver  it  is  known  that  the  rest  have 
a  like  proportion,  provided,  of  course,  that  each  time  it  has  been 
suspended  in  the  bath  the  sUng^g  wire  and  that  part  of  the  conduct- 
ing rod  from  which  it  was  suspended  were  perfectly  clean ;  it  is 
obvious,  however,  that  even  this  method  is  open  to  a  certain  amount 
of  doubt  and  uncertainty,  if  the  workmen  are  otherwise  than  very 
careful.  To  render  the  oi>eration  of  depositing  by  weight  more  certain 
and  less  troublesome,  some  electro-platers  in  France  adopt  what  is 
termed  a  **  plating  balance."  The  articles  are  suspended  from  a  frame 
connected  to  one  end  of  the  beam,  and  a  scale  pan,  with  its  weights 
from  the  other  end ;  the  balance,  thus  arranged,  is  placed  in  communi- 
cation with  the  negative  electrode  of  the  electric  generator,  and  the 
anodes  with  the  positive  electrode.  When  the  articles,  as  spoons  and 
forks,  for  example,  are  suspended  from  the  frame,  and  immersed  in 
the  bath,  counter-balancing  weights  are  placed  in  the  scale-pan.  A 
weight  equivalent  to  the  amount  of  silver  to  be  deposited  is  then  put 
into  the  pan,  which,  of  course,  throws  the  beam  out  of  balance ;  when 
the  equilibrium  becomes  restored,  by  the  weight  of  deposit  upon  the 
articles  in  solution,  it  is  known  that  the  operation  is  complete.  The 
plater  usually  employs  scales  for  each  bath,  especially  when  silvering 
spoons  and  forks.  If  preferred,  the  supporting  frame  may  be  circular, 
so  that  the  soluble  anode  may  be  placed  in  the  centre  of  the  bath,  and 
at  equal  distance  from  the  articles.  The  centre  anode  need  not  prevent 
the  employment  of  other  anodes  round  the  sides  of  the  vessel,  so  that 
the  articles  receive  the  action  of  the  current  in  front  and  behind  them. 
A  sounding  bell  may  be  so  connected  that  it  will  indicate  the  precise 
moment  when  the  equilibrium  of  the  scale  takes  place.  In  working 
the  silver  baths  for  this  purpose,  the  anode  surface  immersed  in  solu- 
tion is  much  greater  than  that  of  the  articles.  When  the  solution 
loses  its  activity  additions  of  cyanide  of  silver  are  given  to  it,  and 
when  the  cyanide  is  found  to  have  become  partially  converted  into 
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ottrboiiAte  of  potaasa,  hydrooyBmo  aold  Ib  added,  which  combinefl  witb 
oarbonate,  and.  liberstea  oarboma  acid  gaa.  This  method  is  prefened 
to  that  of  adding  freiih  cyanide,  since  an  accumulation  of  the  car- 
bonated alkali  retards  the  conductirity  of  the  solution,  as  also  doea 
the  hydrocyanic  acid  when  added  in  ciceSB. 

ila.— This  18  an  antomatic  apparatus 
and  is  desired  for 
obtaining  deposits  of 
silver  "without   supv- 


accuracy,  and  which 
spontaneously  loailu  the 
electric  current  when  the 
operation  is  terminated . " 
The  apparatus  is  made 
in  TarioOB  sizes,  suitable 
for  small  or  large  opera- 
tions; Fig.  98  repre- 
aenle  the  apparatus  to 
be  en^loyed  for  the 
lattel  purposes. 

It  consists  of: — i.  A 
wooden  vat,  Qio  upper 
ledge  of  which  carries  a 
brass  winding  rod.  hav- 
ing a  binding  screw  at 
one  end  to  receive  die 
poutive  conducting  wire 
F'B'  ^-  of     the    battery ;     from 

this  rod  the  anodes  are 
snspenoed,  which  ore  entirely  immersed  in  the  solation,  and  commu- 
ntcate  with  cross  brass  rods  by  means  of  platinum  wire  hooks.  These 
urosa  rods  are  flattened  at  their  ends  so  that  thoy  may  not  roll,  and  at 
the  same  time  have  a  better  contact  with  the  "winding  rod."  I.  A 
caat-iron  column  screwed  at  its  base  to  one  of  the  sides  of  the  baih, 
carriee  near  the  top  two  projecting  arms  of  cast  iron,  the  extremitJee 
of  which  are  vertical  and  forked,  and  may  be  opened  01  closed  by  iron 
clamps,  these  forks  bein^  intended  to  maintain  the  beam  and  prevent 
the  knives  from  leaving  their  bowls  when  the  beam  oscillatea  too 
greatly.  In  the  middle  of  the  two  arms  are  two  bowls  of  polished 
steel,  hollowed  out  wedge-shaped,  to  receive  the  beats  knives.  One 
arm  of  the  pillar  has  at  ita  end  a  horizontal  iron  ring,  in  which  is 
ftxed  a  heavy  glass  tube  which  supports  and  insulates  a  polished  iron 
ono  to  contain  meronry ;  beneath  this  cnp  is  a  small  pad  of  India- 
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mbber,  which,  by  means  of  a  screw  beneath,  may  be  raised  or  lowered, 
by  which  means  the  mercury  in  the  cup  is  levdled.  A  second  lateral 
binding  screw  connects  the  negative  electrode  of  the  batteiy.  3.  A 
cast-iron  beam,  carrying  in  its  centre  two  sharp  polished  steel  knives  ; 
at  each  end  are  two  parallel  steel  bowls,  separated  by  a  notch,  intended 
for  the  knives  of  the  scale  pan  and  of  the  frame  for  supporting  the 
articles.  One  arm  of  the  beam  is  furnished  with  a  stout  platinum 
wire,  placed  immediately  above  and  in  the  centre  of  the  mercury  cup, 
and  as  the  beam  oscillates  it  dips  into,  or  passes  out  of,  the  cup. 
The  scale  pan  is  furnished  with  two  cast-steel  knives  fixed  to  the 
metallic  bar,  which  is  connected  to  chains  supporting  the  lower 
wooden  box  for  the  tare  ;  the  smaller  pan,  for  the  weight  representing 
the  amount  of  sQver  to  be  deposited,  is  placed  between  these  two. 
4.  The  frame  for  supporting  the  work  is  also  suspended  by  two  steel 
knives,  the  vertical  of  which  is  of  stout  brass  tubing,  and  is  equal  in 
size  to  the  opening  of  the  bath,  and  supports  the  rods  to  which  the 
articles  are  suspended.  The  slinging  wires  are  formed  into  a  loop  at 
one  end  for  supporting  the  spoons  or  forks,  and  the  vertical  portion  of 
each  wire  is  covered  with  india-rubber  tubing,  to  prevent  it  from 
receiving  the  silver  deposit. 

In  adjusting  the  apparatus,  the  pillar  must  be  set  perfectly  upright 
by  aid  of  a  plumb  line ;  the  clamps  are  then  withdrawn  from  the 
forkSf  and  the  beam  is  carefully  put  in  its  place,  care  being  taken  to 
avoid  injuring  the  knives  that  rest  in  the  bowls  in  the  centre  of  the 
pillar.  The  clamps  are  now  replaced,  and  the  beam  should  oscillate 
freely  upon  the  knives  without  friction.  The  knives  of  the  frame  are 
next  put  in  their  places,  as  also  those  of  the  scale  pan ;  mercury  is 
then  poured  into  the  six  bowls,  where  the  knives  rest,  until  all  the 
polished  parts  of  the  latter  are  covered.  The  insulated  steel  cup  is 
then  filled  with  mercury  so  high  that  the  point  of  the  platinum  wire 
just  touches  it,  when  the  beam  is  level ;  the  small  elastic  pocket  is 
used  for  raising  and  lowering  the  mercury  cup,  so  as  to  place  it  at  the 
proper  height  for  bringing  the  mercury  in  contact  with  the  end  of  the 
platinum  wire.  When  the  articles  have  received  the  amount  of  silver 
corresponding  to  the  weight  in  the  pan  at  the  opposite  side  of  the 
beam,  the  equilibrium  'will  be  established,  and  the  platinum  wire  will 
then  leave  the  mercury,  and  thus  break  the  circuit  and  stop  the  opera^ 
tion.  By  this  automatic  arrangement  the  operation  needs  no  atten- 
tion, since  the  moment  tiie  platinum  wire  loses  contact  with  the 
mercury  electricity  ceases  to  pass ;  if,  however,  the  articles  are  allowed 
to  remain  in  the  bath  after  they  have  received  the  proper  amount  of 
silver,  a  portion  of  this  metal  may  be  dissolved  by  the  free  cyanide  in 
the  solution,  in  which  case  the  end  of  the  platinum  wire  would  again 
dip  into  the  mercury  and  complete  the  circuit,  when  deposition  would 
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be  renewed  and  oontdniie  untQ  the  inoreased  weight  of  sUtst  again 
caused  the  platinum  wire  to  lose  contact  with  the  meroury. 

solid  flUver  Deposits. — ^Although  it  is  possible  to  deposit  silver, 
from  a  cyanide  solution  rich  in  metal  (say  eight  oxmces  of  sQver  per 
gallon),  upon  wax  or  gutta-percha  moulds,  this  method  is  not  practi- 
cally adopted.  The  usual  method  is  to  first  obtain  a  copper  electro- 
type mould  or  shell  of  the  object  in  the  ordinary  way ;  silver  is  then 
deposited  within  the  mould  (supposing  it  to  be  a  hollow  object)  until 
of  the  required  thickness ;  the  copper  is  afterwards  dissolved  from  the 
aQver  either  by  boiling  the  article  in  hydrochloric  acid,  or,  still  better, 
a  strong  solution  of  perchloride  of  iron,  either  of  which  substances 
will  dissolve  the  copper  mould  without  in  anyway  injuring  the  silver. 
The  perchloride  of  iron  for  this  purpose  may  be  readily  formed  by 
dissolving  peroxide  of  iron  (commercial  *' crocus")  in  hot  hydro- 
chloric acid.  The  method  of  dissolving  the  copper  recommended  by 
Napier,  is  as  follows :  "  An  iron  solution  is  first  made  by  dissolving 
a  quantity  of  copperas  in  water ;  heat  this  till  it  begins  to  boil ;  a 
little  nitric  acid  is  then  added — ^nitrates  of  soda  or  potash  will  do ;  the 
iron  which  is  thus  peroxidised  may  be  precipitated  either  by  ammonia 
or  carbonate  of  soda ;  the  precipitate  being  washed,  muriatic  acid  is 
added  till  the  oxide  of  iron  is  dissolved.  This  forms  the  solution  for 
dissolving  the  copper.  When  the  solution  becomes  almost  colourless, 
and  has  ceased  to  act  on  the  copper,  the  article  is  removed,  and  the 
addition  of  a  litUe  ammonia  will  precipitate  the  iron  along  with  a 
portion  of  the  copper ;  but  after  a  short  exposure  the  copper  is  redis- 
solved.  The  remaining  precipitate  is  washed  by  decantation  ;  a  little 
ammonia  should  be  put  into  the  two  first  waters  used  for  washing. 
When  washed,  and  the  copper  dissolved  out,  the  precipitate  is  redis- 
Bolved  in  hydrochloric  acid,  and  the  silver  article  returned  until  the 
copper  is  all  dissolved  off.  It  is  convenient  to  have  two  solutions  of  per- 
chloride of  iron,  so  that  while  the  iron  in  the  one  is  being  precipitated, 
the  article  is  put  into  the  other.  The  persalt  of  iron  will  be  found  to 
dissolve  the  copper  more  rapidly  than  muriatic  acid  alone ;  persul- 
phate of  iron  must  not  be  used,  as  it  dissolves  the  silver  along  with 
the  copper. 

'*  The  silver  article  is  now  cleaned  in  the  usual  way,  and  heated  to 
redness  over  a  clear  charcoal  fire,  which  gives  it  the  appearance  of 
dead  silver,  in  which  state  it  may  be  kept,  or,  if  desired,  it  may  be 
scratched  and  burnished.*'  A  very  simple  and  economical  method  of 
producing  perchloride  of  iron  is  to  reduce  the  native  peroxide  of  iron, 
known  as  **  redding,"  to  a  powder,  and  digest  it  in  hot  hydrochloric 
acid,  by  which  the  salt  is  obtained  at  a  cost  but  little  exceeding  that 
of  the  acid  employed,  the  native  ore  being  worth  only  about  25s.  per 
ton. 
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One  great  objection  to  solid  eleotro-depoeits  of  silver  (and  gold)  is 
that  the  articles  have  not  the  metallic  **  ring,'*  when  strack  with  any 
hard  substance,  as  silyer  ware  of  ordinary  manufacture.  ''This 
disadvantage,  *'  says  Napier,  '<  is  no  doubt  partly  due  to  the  crystalline 
character  of  the  deposit,  and  partly  to  the  pure  character  of  the  silver, 
in  which  state  it  has  not  the  sound  Uke  standard  or  alloyed  silver. 
That  this  latter  cause  is  the  principal  one  appears  from  the  fact  that 
a  piece  of  silver  thus  deposited  is  not  much  improved  in  sound  by 
being  heated  and  hanmiered,  which  would  destroy  all  crystallisation." 
This  is  quite  true,  but  when  electro -deposited  silver  has  been  melted^ 
and  cast  into  an  ingot,  by  which  its  crystalline  character  is  completely 
destroyed,  and  which  is  only  partially  affected  by  simply  annealing 
and  hammering,  the  characteristic  '*  ring  **  of  the  pure  metal  is  re- 
stored. The  absence  of  a  musical  ring  in  electro-deposited  silver  is 
not  of  much  consequence,  however,  since  this  method  of  reproduction 
would  only  be  applied  to  raro  works  of  art,  such  as  antique  figures, 
and  richly  chased  articles  kept  solely  for  ornament. 

On  thm  Tlilnlrm—  of  Bl«etro-]>«po«ited  StlTcr. — ^This  may  be 
considered  a  somewhat  delicate  theme  to  expatiate  upon  when  we 
reflect  that  some  articles  of  commerce,  but  niore  especially  export 
g^oods  and  articles  sold  at  mock  auctions,  frequently  receive  a  coating 
of  silver  which  not  only  defies  measurement  by  the  most  delicate 
micrometer,  but  also  renders  estimation  by  any  other  means  all  but 
impossible.  This  class  of  work  includes  spoons  and  forks,  cruet- 
frames,  toast-racks,  &c.,  manufactured  from  a  very  inferior  descrip- 
tion of  Gkrman  silver  or  brass,  while  Britannia  metal  tea  services, 
salt-cellars,  and  many  other  articles  made  from  the  same  alloy  enter 
the  market  in  enormous  quantities,  with  a  mero  blush  of  silver  upon 
them,  the  thickness  of  which  might  be  more  readily  estimated  by 
imagination  than  by  any  practical  test.  As  to  the  amount  of  silver 
which  should  be  deposited  upon  articles  of  domestic  use,  to  enable 
them  to  withstand  ordinary  wear  and  tear  for  a  reasonable  x>eriod, 
from  I  to  3  ounces  per  dozen  for  spoons  and  forks  may  be  deposited. 
Taken  as  a  guide,  with  the  smaller  quantity  of  silver  upon  them,  such 
articles,  with  careful  usage,  should  present  a  very  creditable  appear- 
ance after  five  years'  use ;  with  the  larger  proportion,  the  articles 
should  look  well,  though  probably  somewhat  bare  upon  those  parts 
most  subject  to  friction,  at  the  end  of  twenty  years.  The  same  arti- 
cles, if  used  in  hotels  or  on  board  ship,  would  become  imsightly  in 
less  than  half  the  periods  named.  German  silver  tea  and  coffee 
services,  to  be  fairly  well  plated  or  silvered,  should  not  have  less  than 
2  ounces  of  silver  upon  the  four  pieces,  which  may  be  distributed  in 
about  the  following  proi)ortions :  for  a  5 -gill  coffee-pot  12  dwts. ; 
5 -gill  teapot  12  dwts.  ;   sugar ^basin  10  dwts. ;  cream-ewer  6  dwt8. 
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When  the  same  articles  are  required  to  he  fully  well  plated,  the  pro- 
portions  should  be  about  as  follows :  For  coffee  and  teapot,  about 
i^  ounce  of  silver  each  ;  sugar-basin  i  ounce,  and  cream-ewer  about 
10  to  15  dwts. 

The  proportion  of  silver  which  should  be  deposited  per  square  foot, 
for  plating  of  good  quality,  is  from  i  to  i^  ounce.  With  the  latter 
proportion  the  electro-silvered  work  would  nearly  approach  in  quality 
the  old  Sheffield  plate,  and  would  last  for  a  great  number  of  years 
without  becoming  bare,  even  at  the  most  prominent  parts,  unless  the 
article  were  subjected  to  very  severe  treatment  in  use. 

Fyro-plAttni;. — It  is  well  known  that  when  a  silver-gilt  article — ^as 
a  watch-chain,  for  example — ^hasbeen  broken,  and  afterwards  repaired 
by  hard  soldering,  that  the  film  of  gold  almost  entirely  disappears 
from  each  side  of  the  soldered  spot,  under  the  heat  of  the  blow-pipe 
flame,  to  the  extent  of  i  or  2  inches  on  either  side  of  the  joining.  The 
film  of  gold  has,  in  fact,  sunk  into  the  body  of  the  silver,  as  though 
it  had  become  alloyed  with  this  metal.  By  some  persons  this  is  really 
believed  to  be  the  case.  We  are,  however,  disposed  to  think  that  the 
absorption  of  the  gold  under  these  circumstances  is  due,  not  to  an 
actual  alloying  of  the  two  metals  in  the  ordinary  sense,  but  to  the 
expansion  of  the  silver  by  the  heat,  by  which  its  molecular  structure 
becomes  disturbed,  and  the  film  of  gold,  being  thus  split  up  into 
infinitely  minute  particles,  these  become  absorbed  by  the  silver  as  the 
metal  contracts  on  cooling,  and  consequently  disappear  from  the  sur- 
face. We  hold  this  view  because  we  do  not  think  that  the  heat  of  the 
blowpipe  fiame  required  to  fuse  the  solder  would  be  sufiScient  to  form 
an  aUoy  in  the  proper  sense ;  indeed,  the  heat  required  to  **run  '| 
silver  solder  would  not  be  sufficienUy  high  even  to  '*  sweat "  the  silver 
of  which  the  article  is  composed.  The  fact  of  a  film  of  metal  becom- 
ing absorbed  by  another  metal  under  the  influence  of  heat  has  been 
taken  advantage  of,  and  a  process  termed  ^*  pyro-plating  "  has  been 
introduood,  and  has  been  worked  to  some  extent  in  Birmingham.  The 
process,  which  has  been  appUed  to  coating  articles — of  steel  and  iron 
more  especially — with  gold,  silver,  platinum,  aluminium,  copper,  &c., 
may  be  thus  briefly  described  :  The  article  is  first  steeped  in  a  boUing 
solution  of  caustic  potash  ;  it  is  then  brushed  over  with  emery- 
powder,  and  afterwards  with  a  steel  brush  and  a  solution  of  common 
soda,  in  which  it  is  allowed  to  remain  for  some  time.  It  is  next  con- 
nected to  the  negative  electrode  of  a  strong  battery,  and  immersed  in 
a  hot  solution  of  caustic  potash,  abundance  of  hydrogen  being  evolved, 
and  is  allowed  to  remain  until  it  has  a  *'  silvery  ^*  appearance.  After 
rinsing,  it  is  suspended  in  a  silver  bath,  with  a  previously  weighed  melal 
plate  of  the  same  amount  of  surface  placed  as  a  cathode  by  its  side  ; 
this  plate  ic  taken  out  and  weighed  from  time  to  time  until  sufficient 
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silver  Las  been  deposited,  T^hich  indicates  approximatelj  the  amount 
of  deposit  upon  the  article  itself.  The  article  is  then  removed  and 
rinsed,  and  afterwards  heated  in  a  furnace  until  the  silver  is  ^* driven" 
into  the  surface  of  the  metal.  If  the  steel  article  requires  to  be  tern' 
pered,  it  is  quenched  in  water,  and  then  brought  to  the  proper  temper 
in  the  usual  way. 

'Wbitoniiis  Btoetro-platad  Artieltts. — It  is  well  known  that 
articles  which  have  been  electro -plated  tarnish  more  rapidly  than 
silver  goods ;  and  while  this  has  by  many  persons  been  attributed  to 
the  extreme  purity  of  the  electro-deposited  metal,  which,  it  was 
believed,  was  more  susceptible  of  being  attacked  by  sulphurous  fumes 
and  other  impurities  in  the  air,  by  others  it  is  believed  to  be  due  to  a 
small  quantity  of  undecompoeed  salt  remaining  in  the  pores  of  the 
deposited  metal,  which  undergoes  decomposition,  and  causes  the  work 
to  tarnish.  In  order  to  render  electro-plate  less  liable  to  discolora- 
tion, the  following  method  has  been  adopted,  but,  as  will  readily  be 
seen,  it  could  not  be  applied  to  all  classes  of  work :  The  article  is  first 
dipped  in  a  saturated  solution  of  borax  and  then  allowed  to  dry,  when 
a  thin  layer  of  the  salt  remains  upon  the  surface ;  the  article  is  then 
dipped  a  second  or  even  a  third  time  (drying  after  each  dipping)  until 
it  is  completely  covered  with  a  layer  of  borax.  When  large  articles 
are  to  be  treated  this  way,  the  borax  may  be  applied  with  a  soft 
brush.  The  article  is  next  to  be  heated  to  a  dull  red  heat,  or  until 
the  hoTSJi  fuses.  When  cold,  it  is  to  be  put  into  a  pickle  of  dilute  sul- 
phuric acid,  which  rapidly  dissolves  the  borax ;  after  rinsing  iu  hot 
water  it  is  placed  in  hot  boxwood  sawdust,  and  then  treated  in  the 
usual  way. 

'Wbitanins  BUver  TRTork. — ^Articles  of  silver  which  in  their  original 
finished  state  were  left  either  wholly  or  in  part  a  dead  white,  and  have 
lost  this  pleasing  effect  by  wear  or  oxidation,  may  be  restored  to  their 
original  condition  by  the  process  termed  whitening.  The  article  is  first 
brought  to  a  dull  red  heat  (not  sufficiept  to  melt  the  solder)  over  a 
charcoal  fire — if  it  be  a  brooch,  watch-dial,  or  other  small  silver 
article,  by  means  of  the  blowpipe  flame,  the  article  being  placed  on  a 
large  and  flat  piece  of  charcoal.  When  the  piece  of  work  has  thus 
been  heated  uniformly  all  over,  it  is  allowed  to  become  cool,  after 
which  it  is  placed  in  a  glazed  earthenware  vessel  (an  ordinary  white 
basin  wiU  do),  containmg  a  sufficient  quantity  of  very  dilute  sulphuric 
acid.  In  a  short  time  the  acid  will  dissolve  the  oxide  from  the  surface, 
together  with  a  smaU  quantity  of  oxide  of  copper  derived  from  the 
copper  with  which  the  silver  was  alloyed,  and  which,  with  the  silver, 
becomes  oxidised  by  the  heat  and  subsequent  action  of  the  atmosphere. 
When  the  article  is  removed  from  the  pickle — in  which  it  should 
rsmein  for  at  least  twenty  minutes  to  half  an  hour — if  not  of  a  suffi- 
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oiently  pure  whiteness  it  may  be  heated  and  pickled  again.  When 
the  whitening  is  properly  effected,  the  surface  should  present  a  beauti- 
ful pearl-white  appearance,  and  be  perfectly  uniform  in  its  lustrous 
dulness.  Directly  the  article  is  removed  £rom  pickle,  it  should  be 
rinsed  in  two  sex)arate  waters,  the  last  water  (which  should  be 
distilled  water,  by  preference)  being  boiling  hot.  The  article,  after 
bdng  removed  from  the  rinsing -bowl,  should  be  allowed  to  dry  spon- 
taneously, which  it  will  do  if  the  water  is  boiling  hot.  It  is  not  a 
good  plan,  though  it  is  frequently  done,  to  put  work  which  has  been 
whitened  in  boxwood  sawdust,  since  if  it  has  been  much  used  it  Im 
liable  to  produce  stains. 


CHAPTER  XVII. 

IMITATION  ANTIQUE  SILVER. 

Oxidised  Silver.— Oxidising  Silver.— Oxidising  with  Solution  of  Platinum.— 
Oxidising  with  Sulphide  of  Potassium. — Oxidising  with  the  Paste.— 
Part-gilding  and  Oxidising.— Dr.  Eisner's  Process.— Satin  Finish.— Sul- 
phuring Silver.— Niello,  or  Nielled  Silver.— Pink  Tint  upon  Silver.— 
Silvering  Notes. 

OilrtI— d  BHwtae, — Soon  after  the  art  of  electro-plating  had  become 
an  establiahed  industry,  the  great  capabilities  of  the  **  electro  "  pro- 
oefls,  as  it  was  called,  received  the  serious  attention  of  the  more  gifted 
and  artistic  members  of  the  trade,  who,  struck  with  the  great  beauty 
of  electro -deposited  silver,  and  the  facilities  which  the  process  offered 
for  the  reproduction  of  antique  works,  induced  some  electro-platers  of 
the  time  to  make  experiments  upon  certain  classes  of  work  with  a  view 
to  imitate  the  effects  seen  upon  old  silver  ;  some  of  the  results  were 
highly  creditable,  and  in  a  short  time  after  ''  oxidised  "  silver  became 
greatly  in  vogue,  and  has  ever  since  been  recognised  as  one  of  the 
artistio  varieties  of  ornamental  silver  or  electro-plated  work.  We 
Boaroely  think  we  shall  err,  however,  if  we  venture  to  say  that  much 
of  the  ''oxidised  ^'  silver-plated  work  of  the  present  time  is  far  inferior 
in  beauty  and  finish  to  that  with  which  our  shops  and  show-rooms 
were  filled  some  thirty  years  ago.  Indeed,  when  visiting  the  Paris 
Exhibition  of  1878,  we  were  much  displeased  with  the  very  slovenly 
appearance  of  some  of  the  plated  goods  which  had  been  part-gilt  and 
oxidised  in  the  exhibits  of  some  of  the  larger  English  and  French 
firms.  The  specimens  referred  to  had  the  appearance  of  having  done 
duty  as  specimens  in  all  the  exhibitions  since  1851,  and  had  suffered 
by  being  repeatedly  ''  cleaned  up  *'  for  each  occasion ;  they  were  cer- 
tainly far  from  being  creditable. 

"  Ozldlaiiis  "  SllT«r. — This  term  has  been  incorrectly  appUed,  but 
universally  adopted,  to  various  methods  of  darkening  the  surface  of 
silver  in  part8,  by  way  of  contrast  to  burnished  or  dead-white  sur- 
faces of  an  article.  Oxygen,  however,  has  little  to  do  with  the 
discoloration,  as  will  be  seen  by  the  following  processes,  which  are 
employed  to  produce  the  desired  effect.  The  materials  used  are  various, 
and  they  arc  generally  applied  with  a  soft  brush,  a  camel-hair  brush 
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being  suitable  for  small  surfaces.  In  applying  either  of  the  materials 
the  article  should  be  quite  dry,  otherwise  it  will  spread  oyer  portions 
of  the  work  required  to  be  left  white,  and  thus  produce  a  patchy  and 
inartistic  effect.  The  blackening  substances  are  generally  applied  to 
the  hollow  parts  or  groundwork  of  the  object,  while  the  parts  which 
are  in  relief  are  left  dead,  or  burnished  according  to  taste. 

Ozidlsliis  wltb  flotation  of  Plattnum. — Dissolve  a  sufficient 
quantity  of  platinum  in  aqua  regia,  and  carefully  evaporate  the  result- 
ing solution  (chloride  of  platinum)  to  dryness,  in  the  same  way  as  re- 
commended for  chloride  of  gold.  The  dried  mass  may  then  be  dissolved 
in  alcohol,  ether,  or  water,  according  to  the  effect  which  it  is  desired 
to  produce,  a  slightly  different  effect  being  produced  by  each  of  the 
solutions.  Apply  the  solution  of  platinum  with  a  camel-hair  brush,  and 
repeat  the  operation  as  often  as  may  be  necessary  to  increase  the  depth 
of  tone ;  a  single  application  is  frequently  sufficient.  The  ethereal  or 
alcoholic  solution  of  platinum  must  be  kept  in  a  well- stoppered  bottle, 
«uid  in  a  cool  place.  The  aqueous  solution  of  platinum  should  be 
applied  while  hot. 

Oaddkting  wltb  flol^lilde  of  Potaoaliiiii. — ^Liver  of  sulphur  (sul- 
phide of  potassium)  is  often  used  for  producing  black  discoloration, 
enoneously  termed  oxidising.  For  this  purpose  four  or  five  grains  of 
the  sulphide  are  dissolved  in  an  ounce  of  hot  water,  and  the  solution 
applied  with  a  brush,  or  the  article  wholly  immersed  if  desired.  The 
temperature  of  the  solution  should  be  about  1 50°  Fahr.  After  a  few 
moments  the  silver  surface  assumes  a  darkened  appearance,  which 
deei)ens  in  tone  to  a  bluish-black  by  long^  treatment.  When  the 
desired  effect  is  produced  the  article  is  rinsed  and  then  scratch -brushed, 
or  burnished  if  required,  or  the  blackened  hollow  surfaces  are  left  dead 
according  to  taste.  When  it  is  desired  to  produce  a  dectd  surface  upon 
an  article  which  has  been  electro-silvered,  the  article  may  be  placed 
in  a  sulphate  of  copper  bath  for  a  short  time,  to  receive  a  slight  coat- 
ing of  copper,  after  which  it  is  again  coated  with  a  thin  film  of  silver 
in  an  ordinary  cyanide  bath.  It  has  then  the  dead- white  appearance 
of  frosted  silver.  Where  portions  of  the  article  are  afterwards  oxidised 
a  very  fine  contrast  of  colour  is  produced.  In  using  the  sulphide  of 
potassium  solution  it  should  be  applied  soon  after  being  mixed,  since 
it  loses  its  activeness  by  keeping.  Fresh  solutions  always  gpive  the 
most  brilliant  results.  Since  the  sulphide  dissolves  the  silver,  it  is 
necessary  that  it  should  be  applied  only  to  surfaces  which  have  received 
a  tolerably  stout  coating  of  this  metal,  otherwise  the  subjacent  metal 
(brass,  copper,  or  German  silver)  will  be  exposed  after  the  sulphide 
solution  has  been  applied. 

Ozidistns  with  ttie  Paste. — ^For  this  purpose  a  thin  paste  is  formed 
by  mixing  finely-powdered  plumbago  with  spirit  of  turpentine,  to 
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wLioh  mixture  is  rometimes  added  a  small  quantity  of  red  obhre  or 
jewellers'  rouge,  to  imitate  the  warm  tone  sometimes  observed  in  old 
silvor  articles.  The  paste  is  spread  over  the  articles  and  allowed  to 
dry,  after  which  the  article  is  brushed  over  with  a  longc-haired  soft 
brush,  to  remove  all  excess  of  the  composition.  The  parts  in  relief 
are  then  cleaned  by  means  of  a  piece  of  rag,  or  chamois  leather,  dipped 
in  spirit  of  wine.  This  method  of  imitating  old  silver  is  specially 
applicable  to  vases,  tankards,  chandeliers,  and  statuettes.  In  case  of 
failure  in  the  manipulation,  the  dried  paste  may  be  readily  removed 
by  placing  the  article  in  a  hot  solntion  of  caustic  potash  or  cyanide, 
when,  after  rinsing  and  drying,  the  paste  may  be  reapplied.  To  give 
the  old  silver  appearance  to  small  articles,  such  as  buttons,  for  example, 
they  are  first  passed  through  the  above  paste,  and  afterwards  revolved 
in  a  barrel  or  <*  tumbler  "  containing  dry  sawdust,  until  the  desired 
effect  is  produced. 

Part-gllrting  and  Ozldlaliiff. — To  give  this  varied  effect  to  work, 
the  articles  are  first  g^t  all  over  in  the  usual  way  ;  certain  parts  are 
then  stopped  off^  as  it  is  termed,  by  applying  a  suitable  varnish.  When 
the  varnish  has  become  dry,  the  article  is  placed  in  the  silvering  bath 
until  a  sufficient  coating,  which  may  be  slight,  has  been  obtained. 
After  rinsing,  the  object  is  immersed  in  a  solution  of  sulphide  of 
potassium  until  the  required  tone  is  given  to  the  silvered  parts,  when 
the  article  is  at  once  rinsed,  carefully  dried,  and  the  protecting  varnish 
dissolved  off,  when  it  is  ready  to  be  finished. 

Br.  BlflnWa  Piuue— ■ — ^A  brownish  tone  is  imparted  to  plated 
goods  by  applying  to  the  surface  a  solution  of  sal-ammoniac,  and  a 
still  finer  tone  by  means  of  a  solntion  composed  of  equal  parts  of 
sulphate  of  copper  and  sal-ammoniac  in  vinegar.  To  produce  a  fine 
black  colour.  Dr.  Eisner  recommends  a  warm  solution  of  sulphide  of 
potassium  or  sodium. 

flnlplilda  of  Aminonlnni. — This  liquid  may  also  be  applied  to  the  so- 
called  oxidation  of  silver,  either  by  brushing  it  over  the  parts  to  be 
oxidised,  or  by  immersion.  It  may  also  be  applied,  with  plumbago, 
by  forming  a  thin  paste  with  the  two  substances,  which  is  afterwards 
brushed,  or  smeared  over  the  surface  to  be  coloured,  and  when  dry  a 
soft  brush  is  applied  to  remove  the  excess  of  plumbago.  If  preferred, 
a  littie  jewellers'  roug^e  may  be  added  to  the  mixture. 

Satin  Flnlali. — ^This  process  is  thus  described  by  Wahl :  The  sand- 
blast is  in  use  in  certain  establishments  to  produce  the  peculiar  dead, 
lustrous  finish,  known  technically  as  tatin  Jlnish^  on  plated  goods  ;  a 
templet  of  some  tough  resistant  material,  like  vulcanised  india-rubber, 
is  made  of  the  proper  design,  and  when  placed  over  the  article,  pro- 
tects the  parts  which  it  is  desired  to  leave  bright  from  the  depoHshing 
aotiaa  of  the  sand,  while  the  only  open  portions  of  the  templet  are 
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exposed  to  the  blast.  The  apparatoB  employed  for  this  pmpoee  oon* 
sists  of  s  wooden  hopper,  with  a  longitudinal  slit  below,  through 
which  a  stream  of  fine  sand  is  allowed  to  fall,  by  opening  a  sUding 
cover.  Closely  surrounding  the  base  of  the  hopper  is  a  rectangular 
trunk  of  wood,  extending  some  distance  below  the  base  of  the  hop- 
per, and  tapering  towards  the  bottom,  to  concentrate  the  sand- jet. 
This  trunk  is  closed  about  the  sides  of  the  hopper,  and  open  below, 
and  is  designed  to  direct  the  stream  of  sand  upon  the  surface  of  the 
article  presented  beneath  its  orifice.  To  increase  the  rapidity  of  the 
depolishing  action  of  the  sand,  a  current  of  air,  under  regulated  pres- 
sure, is  admitted  into  the  upper  part  of  the  trunk,  which,  when  the 
sand-valve  is  opened,  propels  it  with  more  or  less  accelerated  velocity 
upon  the  metallic  surface  below.  For  this  purpose,  either  a  '*  blower," 
or  an  air-compressor  with  accumulator,  may  be  used :  and  the  pressure 
may  be  regulated  at  will.  The  sand  is  thus  driven  with  more  or  less 
velocity  down  the  trunk  by  the  air-blast  admitted  above,  and,  falling 
upon  tiie  surface  of  the  article  presented  at  the  bottom,  rapidly 
depolishes  the  exposed  parts,  while  those  protected  by  the  templet  are 
not  affected.  The  articles  are  presented  at  the  orifice  of  the  trunk  by 
the  hands  of  the  operator,  which  are  suitably  protected  with  gloves ; 
and  as  rapidly  as  the  depolishing  proceeds,  he  turns  the  artide  about 
till  the  work  is  done.  The  progress  of  the  work  is  viewed  through  a 
glass  window,  set  in  a  horizontal  table,  which  surrounds  the  apparatus 
and  which  forms  the  top  of  a  large  box,  into  which  the  sand  falls,  and 
which  is  made  tight  to  prevent  the  sand  from  flying  about.  A  portion 
of  this  box  in  front,  where  the  workman  stands,  is  cut  away,  and  over 
the  opening  is  hung  a  canvas  apron,  which  the  operator  pushes  aside 
to  introduce  the  work.  The  sand  that  accumulates  in  the  box  below 
is  transferred  ag^in  to  the  hopper,  as  required,  and  is  used  over  and 
over  again.  The  satin-finish  produced  by  the  sand-blast  is  exceed- 
ingly fine  and  perfectly  uniform,  and  the  work  is  done  more  rapidly 
than  with  the  use  of  brushes  in  the  usual  way. 

Snlplitixliitf  flXhnr. — ^A  very  fine  blue  colour,  resembling  *'  blued  '* 
steel,  may  be  imparted  to  silver  or  plated  surfaces,  by  exposing  the 
article  to  the  action  of  sulphur  fumes.  For  this  purpose,  the  article 
should  be  suspended  in  an  air-tight  wooden  box  ;  a  piece  of  slate  or 
a  flat  tile  is  laid  upon  the  bottom  of  the  box,  and  upon  this  is  placed 
an  iron  tray,  containing  a  small  quantity  of  red-hot  charcoal  or 
cinders ;  about  a  teaspoonful  of  powdered  sulphur  is  now  quickly 
spread  over  the  glowing  embers,  and  the  lid  of  the  box  immediately 
closed.  After  about  a  quarter  of  an  hour,  the  lid  may  be  raised  (care 
being  taken  not  to  inhale  the  sulphur  fumes)  and  the  article  promptly 
withdrawn ;  if  the  article  is  not  sufficiently  and  unifonnly  blued, 
it  must  be  again  suspended  and  a  fresh  supply  of  hot  ohaix)oal  and 
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solphiir  introduced.  It  is  iieoesaarj  that  the  articles  to  be  treated  in 
this  way  should  be  absolutely  clean. 

SleUo,  or  wummd  SItvir. — ^These  terms*  are  applied  to  a  process 
which  is  attributed  to  Maso  Finniguerra,  a  Florentine  engraver  of  the 
fifteenth  century,  and  somewhat  resembles  enamelling.  It  consists, 
essentially,  in  inlaying  engraved  metal  surfaces  with  a  black  enamel, 
being  a  sulphide  of  the  same  metal,  by  which  very  pleasing  effects  are 
produced.  The  * '  nielling  *'  composition  may  be  prepared  by  malring 
a  triple  sulpliide  of  silver,  lead,  and  copper,  and  reducing  the  resulting 
compound  to  a  fine  powder.  The  composition  is  made  as  follows :  A 
certain  proportion  of  sulphur  is  introduced  into  a  stoneware  retort,  or 
deep  crucible.  In  a  second  crucible,  a  mixture  of  silver,  lead,  and 
copper  is  melted,  and  when  sufficientiy  fused  the  alloy  thus  formed  is 
added  to  the  fused  sulphur  in  the  first  vessel,  which  converts  the 
metals  into  sulphides ;  a  small  quantity  of  sal-ammoniac  is  then 
added,  and  the  compound  afterwards  removed  from  the  retort  or  cru- 
cible and  reduced  to  a  fine  powder.  The  following  proportions  are 
given  by  Mr.  Mackenzie : — 

Put  into  the  first  crucible — 

Flowers  of  salphnr 750  psrts. 

Sal-ammoniac 75    9 

Put  into  tiie  second  crucible— 

Silver 15  parti. 

Copper 40    „ 

Lead 80    „ 

When  fused,  the  alloy  is  to  be  added  to  tlie  contents  of  the  first 
crucible.  Boseleur  recommends  diminishing  the  proportion  of  lead, 
which  impairs  the  blue  shade  of  the  nielling,  and  corrodes  too  deeply. 

To  apply  the  powder,  obtained  as  above,  it  is  mixed  with  a  small 
quantity  of  a  solution  of  sal-ammoniac.  After  the  silver  work  is  en- 
gfraved,  the  operator  covers  the  entire  surface  with  the  nielling  compo- 
sition, and  it  is  then  placed  in  the  muffle  of  an  enamelling  furnace,  where 
it  is  left  until  the  oompomtion  melts,  by  which  it  becomes  firmly 
attached  to  the  metal.  The  nieUing  is  then  removed  from  the  parts  in 
relief,  without  touching  the  engraved  surfaces,  which  then  present  a 
very  pleasing  contrast,  in  deep  black,  to  the  white  silver  surfaces. 
This  process,  however,  is  only  applicable  to  engpraved  work. 

Wahl  describes  a  cheaper  process  of  nielling,  which  consists  **  in 
engraving  in  relief  a  steel  plate,  which,  applied  to  a  sheet  of  silver, 
subjected  to  powerful  pressure  in  a  die,  reproduces  a  faithful  copy  of 
the  engraving.    The  silver  sheet  thus  stamped  is  ready  to  receive  the 

*  The  art  was  formerly  called  working  in  nie^o^ 
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nielling.  A  larg®  nnmber  of  copies  may  be  obtained  from  the  same 
mahr^.  Such  is  the  method  by  which  a  quantity  of  nielled  articles  are 
manufactured,  as  so-called  Russian  snuff-boxes,  cases  for  spectacles, 
bon-bon  boxes,  &c. 

Roseleur  suggests  the  following  to  produce  efPectJ?  similar  to  niel- 
ling :  A  pattern  of  the  design,  cut  out  of  thin  paper,  such  as  lace 
paper,  is  dipped  into  a  thin  paste  of  nielling  composition,  or  into  a  con- 
centrated solution  of  some  sulphide,  and  then  applied  upon  the  plate 
of  silver,  which  is  afterwards  heated  in  the  muffle.  The  heat  destroys 
the  organic  matter  of  the  paper,  and  a  design  remains,  formed  by  the 
composition  which  it  absorbed. 

A  solution  of  chloride  of  lime  (bleaching  powder)  will  blacken  the 
surface  of  silver,  as  also  wHl  nitric  acid.  For  all  practical  purposes, 
however,  chloride  of  platinum  and  weak  solutions  of  the  sulphides 
before  mentioned  will  be  found  to  answer  very  well  if  applied  with 
proper  judgment. 

Pink  Tint  npon  BUver. — Feam  recommends  the  following  for  pro- 
ducing a  fine  pink  colour  upon  silver  :  Dip  the  cleaned  article  for  a 
few  seconds  in  a  strong  hot  solution  of  chloride  of  copper,  then  rinse 
and  dry  it,  or  dip  it  in  spirit  of  wine  and  ignite  the  spirit. 

BUvarlns  Ifotes. — i.  The  anodes,  if  of  rolled  silver,  shonld  always 
be  annealed  beforo  using  them.  This  may  easily  be  done  by  placing 
them  over  a  clear  charooal,  or  even  an  ordinary  dear  fire,  until  they 
acquire  a  cherry-red  heat:  when  cold,  they  are  ready  for  use.  If 
convenient  to  do  so,  it  is  a  good  plan  to  hard  solder  a  short  length  of 
stout  platinum  wire  (say  about  three  inches  long)  to  the  centre  of  one 
edge  of  the  anode,  which  may  be  united  to  the  positive  electrode  of 
the  battery,  or  other  source  of  electricity,  by  a  binding  scrow,  or  by 
pewter  solder.  The  object  of  attaching  Uie  platinum  wire  is  to  enable 
the  anode  to  be  wholly  immersed  in  the  bath,  and  thus  prevent  it  from 
being  cut  thi'wtgh  at  the  water  lincy  which  is  generally  the  case  where 
anodes  aro  only  partially  immersed. 

2 .  TFbm  Anodes. — ^When  the  anodes  have  been  long  in  use,  their  edges 
frequently  become  rotgged^  and  if  these  irregularities  are  not  removed 
fragments  of  the  metal  will  fall  into  the  bath,  and,  possibly,  upon  the 
work,  causing  a  roughness  of  deposit.  It  is  better,  therefore,  to  trim 
the  edges  of  anodes  whenever  they  become  thin  and  present  a  ragged 
appearance. 

3.  Precautions  to  be  Observed  when  Filling  the  Bath  with  Work, — ^Assum- 
ing the  suspending  rods  to  have  been  cleaned,  the  battery  connections 
adjusted,  and  the  preparation  of  the  articles  to  be  plated  commenced, 
some  means  must  be  adopted  to  prevent  the  articles  Jirst  put  into  the 
bath  from  receiving  too  quick  a  deposit  while  others  are  being  got 
ready.     In  the  first  instance,  the  full  force  of  the  current  must  be 
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checked,  wbidb  may  be  done  by  exposing  a  small  surface  of  anode  in 

solution  or  suspending  a  plate  of  brass  or  a  small  silver  anode  as  a 

"  stop,"  or  oheck,  to  the  negative  rod,  untQ  a  sufficient  number  of 

articles  (say  spoons  or  forks,  for  example)  have  been  suspended,  when 

the  stop  may  be  removed  and  the  remamder  of  the  articles  immersed 

until  the  conducting  rod  is  full ;   the  rest  of  the  suspending  rods 

should  then  be  treated  in  the  same  way.    When  magneto  or  dynamo- 

electrio  machines  are  employed,  the  full  strength  of  the  current  is 

checked  by  the  employment  of  the  reaiatanee  coil,  a  description  of 

which  will  be  found  fa  Chapter  III.    A  dmple  way  of  diminishing  the 

amount  of  current,  when  filling  the  bath  with  work,  is  to  inteipoae 

a  thin  iron  wire  between  the  podtive  electrode  and  the  suspending 

rod,  which  must  be  removed,  however,  when  the  cathode    surface 

(the  articles  to  he  plated)  m  the  bath  approaches  that  of  the  anode 

surface. 

4.  Plating  Different  Met  ah  at  the  Same  Time. — ^It  is  not  good  practice 
to  place  articles  composed  of  different  metals  or  alloys  indiscriminately 
in  the  bath,  since  they  do  not  all  receive  the  deposit  with  equal  facility. 
For  example,  if  two  articles,  one  copper  or  brass,  and  another  Britannia 
metal  or  pewter,  be  immersed  in  the  solution  simultaneously,  the 
former  will  at  once  receive  the  deposit  of  silver,  while  the  latter  will 
scarcely  become  coated  at  all,  except  at  the  extremities.  Since  the 
best  conductor  receives  the  deposit  most  freely,  the  worst  conductor 
(Britannia  metal,  pewter,  or  lead)  should  first  be  allowed  to  become 
completely  coated,  after  which  copper  or  brass  articles  may  be  intro- 
duced. It  is  better,  however,  if  possible,  to  treat  the  inferior  con- 
ductors separately  than  to  run  the  risk  of  a  defective  deposit. 

5 .  ExeeM  of  Cyanide. — ^When  there  is  a  large  excess  of  cyanide  in  the 
plating  bath,  the  silver  is  very  liable  to  strip,  or  peel  off  the  work 
when  either  scratch-brushed  or  burnished ;  besides  this,  the  anodes 
become  dissolved  with  greater  rapidity  than  is  required  to  merely 
keep  up  the  proper  strength  of  the  bath,  consequently  the  solution 
becomes  richer  in  metal  than  when  first  prepared.  The  depositor 
must  not  confound  the  terms  "free  cyanide"  with  "excess"  of 
cyanide :  the  former  refers  to  a  small  quantity  of  cyanide  beyond  that 
which  is  necessary  to  convert  into  solution  the  precipitate  thrown  down 
from  the  nitrate,  which  is  added  to  the  solution  to  act  upon  and 
dissolve  the  anode  while  deposition  is  going  on ;  the  latter  term  may 
properly  be  applied  to  any  quantity  of  cyanide  which  is  in  excess  of 
that  which  is  necessary  for  the  latter  purpose. 

In  preparing  plating  solutions  from  the  double  cyanide  of  silver 
and  potassium,  great  care  must  be  taken,  when  precipitating  the 
nlver  from  its  nitrate  solution,  not  to  add  the  cyanide  'ji  excess,  other- 
wise a  portion  of  the  precipitated  cyanide  of  sH^or  will  be  ro-dissol  ved, 
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and  probably  lost  when  deoanting  the  supematant  liquor  from  the 
precipitate.  When  the  precipitation  is  nearly  completei  the  last 
additions  of  cyanide  solution  should  be  made  very  cautiously,  and 
only  so  longp,  as  a  turbidity,  or  miUdness,  is  produced  in  the  clear 
liquor  above  the  precipitate.  Instances  have  been  known  in  which 
not  only  silver,  but  gold  precipitates  also,  have  been  partially  re- 
dissolved  by  excess  of  cyanide  and  the  solutions  thrown  away  by 
ignorant  operators  as  waste  liquors.  If  by  accident  an  excess  of 
cyanide  has  been  used  during  the  precipitation  of  gold  or  silver 
solutions,  the  difficulty  may  be  overcome  by  gradually  adding  a  solu- 
tion of  the  metallic  salt  until,  in  its  turn,  it  ceases  to  produce  turbidity 
in  the  clear  supematant  liquor.  Again,  in  dissolving  precipitates  of 
silver  or  gold,  care  is  necessary  to  avoid  using  a  larg^  excess  of 
cyanide ;  a  moderate  exoees  only  is  necessary. 

6.  Articles  Falling  into  the  Bath. — ^When  an  article  falls  into  the  bath, 
from  the  breaking  of  the  slinging  wire  or  otherwise,  its  recovery 
generally  causes  the  sediment  which  accumulates  at  the  bottom  of  the 
vat  to  become  disturbed,  and  this,  settling  upon  the  work,  produces 
roughness  which  is  very  troublesome  to  remove.  If  not  immediately 
required,  it  is  better  to  let  the  fallen  article  remain  until  the  rest  of 
the  work  is  plated ;  or  if  its  recovery  is  of  immediate  importance,  the 
rod  containing  the  suspended  articles  should  be  raised  every  now  and 
then  during  about  half  an  hour,  in  order  to  wash  aw%y  any  sediment 
that  may  have  settied  on  the  work.  By  gently  lifting  the  rod  up  and 
down,  or  raising  each  piece  separately,  the  light  particles  of  sediment 
may  readily  be  cleared  from  the  surface  of  the  work.  When  very 
large  articles,  as  salvers,  for  example,  are  immersed  in  the  bath,  they 
should  be  lowered  very  gentiy,  so  as  not  to  disturb  the  sediment 
referred  to ;  if  this  precaution  be  not  rigidly  followed,  especially  if 
the  vat  be  not  a  very  deep  one,  the  lower  portion  will  assuredly 
become  rough  in  the  plating,  which  the  most  skilful  burnishing  will 
be  incapable  of  removing.  We  have  frequentiy  known  it  to  be  neces- 
sary to  strip  and  replate  articles  of  this  description  from  the  cause 
referred  to.  It  must  also  be  borne  in  mind  that  when  anodes  become 
very  much  worn  minute  particles  of  silver  fall  to  the  bottom  of  the  vessel, 
which,  when  disturbed  in  the  manner  indicated,  rise  upward,  settle 
upon  the  work,  and  become  attached,  by  what  may  be  termed  eleciro' 
soldcrinr/,  to  the  work,  causing  the  deposit  to  be  rough,  and  when 
such  am-face  is  afterwards  smoothed  by  polishing,  the  part  exhibits 
numerous  depressions,  or  is  "  pitted,"  as  the  Sheffield  burnishers 
term  it. 

7 .  dean  1  nff  Suspending  Ro<h .  — It  is  a  very  common  practice  with  care- 
less workmen  to  clean  the  suspending  rods  with  emery  cloth  while 
they  arc  in  their  places  across  the  sides  or  ends  of  the  plating  vat* 
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This  is  a  pmctioe  which  ahonld  be  striotly  diBaUowed,  for  it  is  evident 
that  the  particlen  of  bran,  emery,  and  Tnetallic  oxides  which  beoome 
dislodged  by  the  rubbing  prooess,  must  enter  the  solution,  and  being 
many  of  them  exceedingly  light,  will  remain  suspended  in  the  solution 
for  a  considerable  time,  and  finally  deposit  upon  the  articles  when 
placed  in  the  vat,  while  some  i>ortions  of  the  dislodged  matter  will 
become  dissolved  in  the  bath.  All  suspending  rods  should  be  cleaned 
at  some  distance  from  the  plating  vat,  and  wiped  with  a  clean  dry 
rag  after  being  rubbed  with  emery  cloth  before  being  replaced  aoroBs 
the  tank. 

8.  Eleetro'sihering  Pewter  Solder, — Besides  the  methods  recommended 
elsewhere,  the  following  may  be  adopted :  After  thoroughly  cleaning 
the  article,  apply  to  the  soldered  spot  with  a  camel-hair  brush  a  weak 
solution  of  cyanide  of  mercury  ;  or  if  it  be  a  large  surface  the  soldered 
part  must  be  dipped  for  a  short  time  in  the  mercury  solution.  In 
either  case  the  article  must  be  well  rinsed  before  being  immersed  in 
the  silver  bath. 

9.  Metal  Tankt, — ^When  working  solutions  in  iron  tanks,  the  plater 
should  be  very  careful  not  to  allow  the  anodes,  or  the  work  to  be 
coated,  to  come  in  contact  with  the  metallic  vessel  while  deposition  is 
taking  place,  since  this  will  not  only  cause  the  current  to  be  diverted 
from  its  proper  course,  but  will  also  cause  the  anodes,  especially  if 
there  be  a  large  excess  of  free  cyanide  in  the  bath,  to  become  eaten 
into  holes,  and  fragments  of  the  metal  will  be  dislodged  and  fall  to  the 
bottom  of  the  vat,  and  possibly  small  particles  of  the  metal  will  settie 
upon  the  work.  We  remember  an  instance  in  which  several  wooden 
nickel-plating  tanks,  lined  with  stout  sheet  lead,  coated  with  pitch, 
yielded  very  poor  results  from  some  cause  unknown  to  the  plater. 
Having  becoi  consulted  on  the  matter,  the  author  soon  discovered  the 
source  of  mischief :  the  copper  hooks  supporting  the  heavy  anodes 
had  become  imbedded  in  the  pitch,  and  were  in  direct  communication 
with  the  lead  lining,  from  which  a  greater  portion  of  the  pitch  had 
scaled  off,  leaving  the  bare  metal  exposed  below  the  surface  of  the 
solution.  Upon  applying  a  copper  wire  connected  to  the  negative 
electrode  of  the  large  Wollaston  battery,  at  that  time  used  at  the 
establishment,  to  the  leaden  flange  of  each  tank  the  author  obtained  bril- 
liant sparks,  to  the  g^reat  astonishment  of  the  plater  and  his  assistants, 
and  subsequenUy  caused  strips  of  wood  to  be  placed  between  the  side 
anodes  and  the  lead  lining,  after  which  nickel-plating  proceeded  with- 
out check. 

10.  Bright  Plating. — ^Even  in  the  most  skilful  hands  the  bright  solu- 
tion is  very  liable  to  yield  ununiform  results.  When  the  solution  has 
remained  for  some  time  without  being  unxL  it  is  apt  to  give  patchy 
zwidts,  the  work  being  bright  in  some  parts  only  ;  if  the  solution  is 
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disturbed,  by  taking  out  work  or  by  putting  in  fresh  work,  sometimeB 
the  hitter  will  refuse  to  become  bright,  and  the  remainder  of  the  work 
in  the  bath  will  gradually  become  dull.  To  obviate  this  the  bath 
should  be  well  stirred  over  night,  and  all  the  work  to  be  plated  at  one 
time  put  into  the  bath  as  speedily  as  possible,  and  all  chances  of 
disturbance  avoided.  When  the  work  is  known  to  have  a  sufficient 
coating  of  the  bright  deposit,  the  battery  connection  should  bo  broken 
and  the  articles  then  at  once  removed  from  the  bath.  On  no  account 
must  an  excess  of  the  **  bright ''  liquid  be  allowed  to  enter  a  bath. 

1 1 .  Dirtr/  Anodes. — When  the  anodes,  which  should  have  a  greyish 
appearance  while  deposition  is  taking  place,  have  a  pale  greenish  film 
upon  their  surface,  this  indicates  that  there  is  too  little  free  cyanide  in 
the  bath,  or  that  the  currant  is  feeble ;  the  battery  should  first  be 
attended  to,  and  if  found  in  good  working  order,  and  all  the  connec- 
tions perfect,  an  addition  of  cyanide  should  be  made  ;  this,  however, 
should  only  be  done  the  last  thing  in  tho  evening,  the  bath  then  well 
stirred  and  left  to  rest  untQ  the  following  morning. 

.12.  Dtut  on  the  Surface  of  the  Bath. — Sometimes  in  very  windy  weather 
the  surface  of  the  bath,  after  lying  at  rest  all  night,  will  be  covered 
with  a  film  of  dust ;  to  remove  this  spread  sheets  of  tissue  paper,  one 
at  a  time,  over  the  surface  of  the  liquid,  then  take  the  sheets  up  one  by 
one  and  place  them  in  an  earthen  vessel;  the  small  amount  of  solution 
which  they  have  absorbed  may  be  squeezed  from  the  sheets,  passed 
through  a  filter,  and  returned  to  the  bath,  and  the  pellets  of  paper 
may  then  be  thrown  amongst  waste,  to  be  afterwards  treated  for  the 
recovery  of  its  metal. 

13.  Old  Slinging  JFires. — It  is  not  a  good  plan  to  use  a  slinging  wire, 
one  end  of  which  has  received  a  coating  of  silver  or  other  metaJ  more 
than  once,  without  first  stripping  olf  the  deposited  metal ,  in  the  first 
place  the  coated  end  of  the  wire  becomes  very  brittle,  and  is  liable  to 
break  when  twisting  it  a  second  time,  possibly  causmg  the  article  to 
fall  into  the  bath,  or  on  a  floor  bespattered  with  globules  of  mercury 
and  other  objectionable  matter ,  again,  the  broken  fragments  of  silver- 
covered  wire,  if  allowed  to  fall  carelessly  on  the  floor,  get  swept  up 
with  the  dirt,  and  the  silver  thus  wasted.  The  wires  which  have  been 
used  once  should  be  laid  aside,  with  the  plated  ends  together,  and  at  a 
convenient  time  these  ends  should  be  dipped  in  hot  stripping  solution, 
until  all  the  silver  is  dissolved  off,  and  after  rinsing,  the  ends  should 
be  made  red  hot,  to  anneal  tliem ;  the  wires  may  then  be  cleaned  with 
emery  cloth  and  put  in  their  proper  place  to  l>e  used  again.  Those 
minor  details  should  always  be  attended  to,  since  they  do  not  neces- 
sarily involve  much  time  and  are  assuredly  advantageous  from  an 
economical  view.  It  is  too  commonly  the  pmctice  witli  careless  opera- 
tors to  ncglact  such  simple  details,  but  the  consequence  is  that  tlieir 
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plating  operationB  are  often  rendered  unnecessarily  troubleeome,  while 
their  workshops  are  as  unnecessarily  untidy. 

14.  Battery  Connection*. — Before  preparing  work  for  the  bath,  the 
binding  screws,  clamps,  or  other  battery  connections  should  be  ex- 
amined, and  such  orifices  or  parts  as  form  direct  metallic  communication 
between  the  elements  of  the  battery  and  the  anodes  and  cathodes 
should  be  well  cleaned  if  they  have  any  appearance  of  being  oxidised 
or  in  any  way  foul.  The  apertures  of  ordinary  binding  screws  may  bo 
cleaned  with  a  small  rat-tail  file,  and  the  fiat  surfaces  of  clamps 
rubbed  with  emery  cloth  laid  over  a  flat  file.  When  binding  screws, 
from  long  use  or  careless  usage,  become  very  foul,  they  should  be 
dipped  in  dipping  acid,  rinsed,  and  dried  quickly.  Previous  to  put- 
ting work  in  the  bath,  a  copper  wire  should  be  placed  in  contact  with 
the  suspending  rod  and  the  opposite  end  allowed  to  touch  the  anode, 
when  the  character  of  the  spark  will  show  if  the  current  is  sufficiently 
vigorous  for  the  work  it  has  to  do  :  if  the  spark  is  feeble,  the  connec- 
tions should  be  looked  to,  and  the  binding  screws  tightened,  if  neces- 
eary ;  the  hooks  and  rods  supporting  tho  anodes  should  also  be 
examined,  and  if  dirty,  must  be  well  cleaned,  so  as  to  insure  perfect 
contact  between  the  metal  surfaces. 

15.  Gutta-percha  Lining  for  Flating  Tank*, — This  material  should 
never  be  used  for  lining  the  insides  of  tanks  which  are  to  contain  cyanide 
solutions,  since  the  cyanide  has  a  solvent  action  upon  it,  which,  after  a 
time,  renders  the  solution  a  very  bad  conductor.  The  author  once 
had  to  precipitate  the  silver  from  an  old  cyanide  solution  which  had 
remained  for  a  long  period  in  a  gutta-percha  lined  bath,  and  soon  after 
the  acid  (sulphuric)  had  been  applied  to  throw  down  the  silver,  there 
appeared,  floating  upon  tho  surface  of  tlie  liquid,  numerous  clots  of  a 
brown  colour,  which  proved  to  be  gutta-percha,  although  greatly 
altered  from  its  original  stfale. 
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Application  uf  Nickel-plating. — The  Depositing  Tank.— Conducting  Rods. — 
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Applioattoa  off  Hidfl-plating. — ^Wlien  applied  to  purposes  for 
which  it  is  specially  adapted,  nickel-plating  may  be  considered  one  of 
the  most  important  branches  of  the  art  of  electro -deposition.  In  the 
earlier  days  of  nickel-plating  too  much  was  promised  and  expected 
from  its  application,  and,  as  a  natural  consequence,  frequent  disap- 
pointments resulted  from  its  being  applied  to  purposes  for  which  it 
was  in  no  way  suited.  For  example,  it  was  sometimes  adopted  as  a 
substitute  for  silver-plating  in  the  coating  of  mug^  or  tankards  used 
as  drinking  vessels  for  malt  liquors,  but  it  was  soon  discovered  that 
those  beverages  produced  stains  or  discolorations  upon  the  polished 
nickel  surface,  which  were  not  easily  removed  by  ordinary  means, 
owing  to  the  extreme  hardness  of  the  metal  as  compared  with  silver  or 
plated  goods.  Again,  nickel-plated  vegetable -dishes  became  stained 
by  the  liquor  associated  with  boiled  cabbage  or  spinach,  rendering  the 
articles  unsightly,  unless  promptly  washed  after  using— a  precau- 
tionary measure  but  seldom  adopted  in  the  best-regulated  sculleries. 
It  was  also  found  that  polished  nickel-plated  articles  when  exposed 
to  damp  assumed  a  peculiar  dulness,  which  after  a  time  entirely 
destroyed  their  brilliant  lustre,  whereas  in  a  warm  and  dry  situation 
they  would  remain  unchanged  for  years,  a  fact  which  the  mullers  of 
our  restaurants  and  taverns  which  were  nickel-plated  many  years  ago 
bear  ample  testimony  at  the  present  day. 

While  practical  experience  has  taught  us  what  to  avoid  in  connec- 
tion with  nickel-plating,  it  has  also  shown  how  vast  is  the  field  of 
usefulness  to  which  the  art  is  applicable,  and  that  as  a  protective  and 
ornamental  coating  for  certain  metallic  surfaces,  nickel  has  at  present 
no  rival.  Its  great  hardness — which  closely  approximates  that  of 
steel — renders  its  surface,  when  polished,  but  little  liable  to  injury 
from  ordinary  careless  usage  :  while,  being  a  non-oxidisable  metal, 
it  retains  its  natural  whiteness,  even  in  a  vitiated  atmosphere. 
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The  metals  ordinarily  coated  with  nickel  bj  deotro-depoflitjon  are 
copper,  bTBBx,  steel,  and  iron,  and  since  these  require  different  jtri- 
paralory  treatment,  as  also  different  periods  of  immersion  in  the  nickel 
batk,  thej  will  be  treated  separately.  The  softer  metala,  a»  lead,  tin, 
and  Britannia  nietal,  are  not  suited  for  nickel -plating',  and  should 
never  be  allowed  to  enter  the  nickel  bath. 

Vila  ItapoBltlns  Vat,  or  tbdIe.  -  The  depositing'  Teesel  maj  be  made 
from  slate  or  wood,  but  the  following  method  of  cODSbucting^  a  Tat  is 
that  moBt  generall;  adopted,  and  when  proparlj  carried  oat  prodncei  a 
vessel  of  great  permanency.     The  tank  ia  made  from  zj-inch  deal, 
planed  on  both  aidcH,  the  boards  forming  the  sides,  ends,  and  tiottoia 
being  grooved  and  tflng^ed,  so 
as  to  make  the  jointa,  when  pat 
together,  water-tight ;  they  are 
held    together   bj  long   bolts, 
tapped  at  one  end  to  receive  a 
not.     The  sides  and  ends,   as 
also   the  bottom,   are  likewise 
seoared    in   their   position   by 

in  Fig.  99.     When  the  tank  ia  '''tf-  99- 

well  screwed  together,  as  in  the 

engraving,  the  interior  is  to  be  well  lined  with  pure  thin  sheet  lead.  It 
is  of  great  importance  that  the  lead  used  for  this  purpose  be  as  pore  u 
poshible,  for  if  it  contain  zinc  or  tin  it  will  be  liable  to  be  acted  apon  by 
the  nickel  solution  which  it  is  destined  to  hold,  and  pin-holes  will  be 
formed,  through  which  the  solution  will  eventually  escape.  The  j'ointa 
of  the  leaden  lining  muBt  not  be  united  by  means  of  solder,  but  by  the 
mUi^eiKia  pmceu,  or  "  burning,"  as  it  is  called.  tliBt  is,  its  seoms  are 
fiited  together  by  the  hydrogen  flame — an  operation  with  which  intel* 
ligent  plumbers  are  well  aojuaintod.  If  solder  were  osed  for  this 
poipose  voltaic  action  would  soon  be  set  up  between  the  lead  and  the 
tin  of  the  solder  by  the  action  of  the  nickel  solution,  and  in  time  a 
msAee  of  holes  would  be  formed,  followed  by  leakage  of  the  vat.  When 
the  lead  lining  is  complete  the  vessel  most  be  lined  throughout  with 
matched  boarding,  kept  in  its  position  by  a  rim  of  wood  fastened 
nmnd  the  upper  edge  of  the  tank.  These  tanks  are  usually  3  feet 
wide.   3  feet  deep,   and  about  6   feet  long,   and  hold  about  150 

Before  nmng  the  tank  it  should  be  well  rinsed  with  clean  water.  It 
is  a  good  plan  to  quite  fill  die  tank  with  -water,  and  allow  it  to  remain 
tbtrein  for  aeverul  hoars,  hj  which  time  the  pressure  of  the  liquid  wiU 
toon  indicate  if  there  be  a  leakage  at  any  port ;  it  should  then  be 
emptied  and  examined,  to  ascertHin  if  thoroughly  water-tight. 


ago 
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We  ynJl  assume  that  it  is  desired  to  make  up  loo  gallons  of  nickel 
solution — ^in  which  case  the  dexx>siting  tank  should  be  capable  of 
holding  not  less  than  120  gallons,  to  allow  for  the  displacement  of 
liquid  by  the  anodes  and  articles  to  be  immersed,  as  also  to  allow 
sufficient  space — say  3  inches — above  the  solution  to  prevent  the 
liquid  from  reaching  the  hooks  by  which  the  anodes  are  suspended, 
when  the  bath  is  full  of  work.  Although  we  have  taken  100  gallons 
■of  solution  as  a  standard^  we  may  state  that,  for  large  operations, 
tanks  capable  of  holding  250  up  to  500  gallons,  or  even  more,  are 
commonly  employed. 

Oondvetiiic  XodB. — These  rods,  which  are  used  for  supporting  the 
nickel  anodes,  as  also  the  articles  to  be  nickeled,  generally  consist  of 
I -inch  brass  tubing,  with  a  core  of  iron  rod  ;  they  are  commonly  laid 
across  the  bath,  leng^wise,  extending  about  3  inches  beyond  the 
extreme  ends  of  the  vessel.  Sometimes,  however,  shorter  rods  are 
employed,  and  these  are  laid  across  the  bath  from  side  to  side.  For  a 
nickel  bath  of  100  gallons  and  upwards  three  such  suspending  rods 
are  used,  one  rod  being  laid  from  end  to  end,  close  to  eadi  side  of  the 
tank,  upon  which  the  requisite  number  of  anodes  are  suspended  by 
their  hooks ;  a  third  rod  is  laid,  also  longitudinally,  along  the  centre 

of  the  tank,  midway  between 
the  other  two,  for  suspending 
the  articles  to  be  nickeled; 
the  anode  rods  am  to  be  con- 
nected together  by  a  stout 
copper  wire  at  one  end  by 
soldering.  These  rods  are 
termed  respectively  the  pMt- 
tive  and  negative  conducting 
rods,  the  former  receiving 
the  anodes,  and  the  latter 
the  work  to  be  nickeled.  Fig. 
100  represents  a  cast  nickel 
anode  and  its  supporting  hook 
of  stout  copper  wire,  which 
latter  should  not  be  less  than 
\  inch  in  thickness.  In  order 
to  insiire  a  perfect  connection 
between  the  copper  hook  and  the 
anode,  the  author  has  found  it 
▼ery  advantageous  to  unite  the  two  by  means  of  pewter  sclder,  in  the 
following  way,*  and  which  it  may  be  useful  to  quote  here :  The  holes 


Fig.  100. 


*  **  Electro-MeUUurgy  Practically  Treated.''    By  Alexander  Watt. 
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being  cleaned  with  a  rat-tail  file,  the  hooks  were  clipped  into  ordinary- 
dipping'  acid  (sulphuric  and  nitric  acid)  for  one  instant,  and  rinsed. 
One  end  of  each  hook  was  then  moistened  with  chloride  of  zinc,  and 
immediately  plunged  into  a  ladle  containing  molten  tin  or  pewter 
solder.  The  tinned  hook  was  next  inserted  into  the  hole  in  the  anode, 
and  a  gentie  tap  with  a  hammer  fixed  it  in  its  place.  The  anode  being 
laid  flat  on  a  bench,  with  a  pad  of  greased  rag  beneath  the  hole,  the 
ncKt  thing  to  do  was  to  pour  the  molten  solder  steadily  into  the 
hole,  and  afterwards  to  apply  a  heated  soldering  iron.  It  is  better, 
however,  before  pouring  in  the  solder,  to  heat  the  end  of  the  anode,  so 
as  to  prevent  it  from  chilling  the  metal,  and  a  littie  chloride  of  zinc 
solution  should  be  brushed  over  the  inner  surface  of  the  aperture,  so 
as  to  induce  the  solder  to  "  run  '*  well  over  it,  and  thus  insure  a 
perfect  connection  between  the  hook  and  the  anode.  The  importance 
of  securing  an  absolutely  perfect  connection  between  these  two 
surfaces  will  be  reoog^sed  when  we  state  that  we  have  known 
instances  in  which  more  than  half  the  number  of  anodes,  in  a  bath 
holding  250  gallons,  were  found  to  be  quite  free  from  direct  contact 
with  the  supporting  hooks,  owing  to  the  crystallisation  of  the  nickel 
salt  within  the  interior  of  the  perforation  having  caused  a  perfect 
sei>aration  of  the  hooks  from  their  anodes.  It  was  to  remedy  this 
defect  that  the  author  first  adopted  the  system  of  soldering  the  con- 
nections. 

PMparatloii  off  tlM  HlekA  Boluttoa. — ^The  substance  usuaUy 
employed  is  the  double  sulphate  of  nickel  and  ammonia  (or  '*  nickel 
salts,"  as  they  are  commonly  called),  a  ciystalline  salt  of  a  beautiful 
emerald  green  colour.  This  article  should  be  ^r«.  For  100  gallons 
of  solution  the  proportions  employed  are  : — 

Double  sulphate  of  nickel  and  ammonia       .       .      75  lbs. 
Water 100  gallons. 

Place  the  nickel  salts  in  a  clean  wooden  tub  or  bucket,  and  pour  upon 
them  a  qimntity  of  hot  or  boiling  water;  now  stir  briskly  with  a 
wooden  stick  for  a  few  minutes,  after  which  the  green  solution  may 
be  poured  into  the  tank,  and  a  fresh  supply  of  hot  water  added  to  the 
undissolved  crystals,  with  stirring,  as  before.  This  operation  is  to  be 
continued  until  all  the  crystals  are  dissolved,  and  the  solution  trans- 
ferred to  the  tank.  A  sufficient  quantity  of  cold  water  is  now  to  be 
added  to  make  up  100  g^ons  in  all.  Sometimes  particles  of  wood  or 
other  floating  impurities  occur  in  the  nickel  salts  of  commerce ;  it  is 
better,  therefore,  to  pass  the  hot  solution  through  a  strainer  before  it 
enters  the  tank.  This  may  readUy  be  done  by  tying  four  strips  of 
wood  together  in  the  form  of  a  frame,  about  a  foot  square,  over  which 
a  piece  of  unbleached  calico  must  be  stretched,  and  secured  either  by 
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means  of  tacks  or  by  aimplj  tying  it  to  each  comer  of  the  frame  with 
string. 

Ifiekel  Anodes. — It  is  not  only  necessary  that  the  nickel  salts 
should  be  perfectly  pure — which  can  only  be  relied  upon  by  purchas- 
ing them  at  some  well-known,  respectable  establishment — but  it  is 
equally  important  that  the  nickel  plates  to  be  used  as  anodes — ^which 
may  be  either  of  cast  or  rolled  nickel — should  be  of  the  best  quality. 
A  few  years  ago  there  was  no  choice  in  this  matter,  for  rolled  nickel 
was  not  then  obtainable.  Now,  however,  this  form  of  nickel  can  be 
procured  of  almost  any  dimensions,  of  excellent  quality,  and  any 
degree  of  thinness,  whereby  a  great  saving  may  be  effected  in  the  first 
cost  of  a  nickel-plating  outfit.  Again,  some  years  ago  it  was  im- 
possible to  obtaia  cast  nickel  anodes  of  moderate  thickness,  conse- 
quently the  outlay  for  this  item  alone  was  considerable.  Such  anodes 
can  now  be  prooiured,  however,  and  thus  the  cost  of  a  nickel-plating 
plant  is  greatly  reduced,  even  if  cast  anodes  are  adopted  instead  of 
rolled  nickel. 

Ifickrt-platlng  liy  Battary. — ^For  working  a  loo-gallon  bath,  four 
ceUs  of  a  3-gaUon  Bunsen  battery  will  be  required,  but  only  two  of 
these  should  be  connected  to  the  conducting  rods  until  the  bath  is  about 
half  full  of  work,  when  the  other  cells  may  be  connected,  which  should 
be  done  by  uniting  them  for  intensity;  that  is,  the  wire  attached  to  the 
carbon  of  one  cell  must  be  connected  to  the  zinc  of  the  next  cell,  and 
80  on,  the  two  terminal  wires  being  connected  to  the  positive  and 
negative  conducting  rods.  If  preferred,  however,  the  batteries  may 
be  united  in  series,  as  above,  before  filling  the  bath  with  work,  in 
which  case,  to  prevent  the  articles  first  placed  in  the  solution  from 
''burning,"  as  it  is  termed — owing  to  the  excess  of  electric  power — ^it 
will  be  advisable  to  suspend  one  of  the  anodes  temporarily  upon  the 
end  of  the  negative  rod  farthest  from  the  battery,  until  the  bath  is 
about  half  filled  with  work,  when  the  anode  may  be  removed,  and  the 
remainder  of  the  articles  suspended  in  the  solution.  In  working 
larger  arrangements  with  powwful  currents — to  which  we  shall  here- 
after refer — ^resistance  coils  are  employed,  which  keep  back  the  force 
of  the  electric  current  while  the  bath  is  being  supplied  with  work, 
and  even  when  such  coils  are  used  it  is  usual  to  suspend  an  anode  or 
some  other  "  stop,'*  as  it  is  called,  from  the  negative  rod  during  the 
time  the  work  is  being  put  into  the  solution. 

TwlB-Oai^bon  BatUvy.^ — ^A  very  useful  modification  of  the  Bunsen 
battery,  and  well  suited  for  nickel-plating  upon  a  small  scale,  is  the 
American  twin-carbon  battery,  introduced  by  CSondit,  Hanson  and 
Van  Winkle,  of  New  Jersey,  U.S.A.,  which,  in  its  dissected  condition, 
in  represented  in  Fig.  tor.  A  pair  of  carbon  plates  are  united  by  a 
damp,  with  binding  screw  attached,  as  shown  at  ▲.    A  plate  of  stout 
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sheet  line,  U  cot  ont  so  as  to  le&ve  a  projecting  piaoe,  to  whiob 
a  binding  screw  is  also  conneeted,  as  at  D,  tnA  the  ana  is  tnnud  ap 
into  an  oval  loTin  to  admit  the  poron*  Cell,  D.  The  lino  bemg  pat 
into  the  outer  cell,  a  (which  is  made  of  stoneware),  the  poro'u  cell  ii 


i 


Fig.. 


plao«d  within  the  zino  cylinder,  and  the  twin  carbona  thai  deposited 
in  the  porous  cell.  The  exciting  fluids  are,  for  the  zinc,  which  must 
of  ooiiTse  be  well  amalgamated,  I  port  oil  of  vitriol  to  1 1  parta  water. 
The  porona  cell  ia  filled  to  the  aame  height  with  a  mixture  oompoaed 
of  equal  measures  of  oil  of  vitriol  and  water,  to  which  1  ounces  of 
nitric  acid  arc  added.  This  is  an  exceedingly  useful  and  compact 
batter;,  and  ia  apecially  serriceable  in  nickel-plating  upon  a  moderate 
scale.  When  great  electro-motive  force  ia  required,  strong  nitric  acid 
is  used  instcttd  of  the  above  mixture  in  the  porous  Cell. 

Obaomitlana  on  rraparlnc  tha  ITork  Mr  Mlekal-plattnc. — For 
several  reasons,  it  is  of  greater  importance  that  the  articles  to  be 
coated  with  nickel  should  be  what  is  termed  ehemieally  clean,  than  in 
any  other  branch  of  electro-depoeition.  The  eioess  of  cyanide  used  in 
gilding,  silvering,  and  braadng  solutions  is  capable  of  dissolving  from 
the  work  such  slight  traces  of  organic  matter  as  might  be  accidentally 
communicated  by  the  hands,  and  being  a  powerful  solvent  of  metallio 
oxides,  the  delicate  fllm  of  oxide  which  quickly  forms  upon  the  surface 
of  recently  scoured  work  becomes  at  once  dissolved  in  a  cyanide  solu- 
tion. In  the  case  of  a  nickel  solution,  however,  which  ia  prepared 
from  a  neutral  salt,  no  such  solvent  action  would  take  phuie,  and  the 
slightest  trace  of  organic  matter  or  of  oxide  resulting  from  Qie  action 
of  the  air  upon  the  prepared  article,  would  prevent  the  adhedon  of 
the  nickel  to  the  underlying  metal,  and  the  work  would  consequently 
iliip.  In  some  estabUshroentfl,  to  prevent  the  possibility  of  direct 
contact  of  the  hands  with  the  work  while  being  soonred,  the  men 
are  required  to  hold  the  work  with  a  clean  piece  of  rag,  which  is 
frequently  dipped  in  water  during  the  operation  of  sooaring ;  a  good 
substitute  for  this  ia  to  keep  the  hand  holding  the  work,   while 
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brushing  it  with  powdered  pumioe  or  other  material,  well  oiiarflred 
with  the  substance  by  dipping  the  fingers  oooasionally  in  the  powder. 
Before  explaining  the  operation  of  scouring,  it  wiU  be  necessary  to 
describe  the  yariouB  solutions,  or  ''dips,"  as  they  are  termed,  in 
which  the  articles  are  immersed  before  and  after  being  scoured.  The 
first  and  most  important  of  these  is  the  potash  bath,  in  which  aU 
articles  to  be  nickel-plated  are  immersed  before  undergoing  any  other 
treatment. 

The  Fotaali  Bath. — ^The  vessel  in  which  the  solution  of  potash  is 
kept  for  use  generally  consists  of  a  galvanised  wrought-iron  tank 
capable  of  holding  from  20  to  150  gallons,  according  to  the  require- 
ments of  the  establishment.  An  iron  pipe,  or  worm,  is  placed  at  the 
bottom  of  the  tank,  one  end  of  which  communicates  with  a  steam 
boiler,  a  stopcock  being  connected  at  a  convenient  distance  for  turn- 
ing the  steam  on  or  off ;  or  the  tank  may  be  heated  by  gas  jets,  by 


Fig.  102. 


means  of  perforated  piping  fixed  beneath  it.  An  ordinary  form  of 
potash  tank  is  shown  at  a  in  Fig.  102,  in  which  the  worm-pipe  is 
indicated  by  the  dotted  Unes,  &c.,  a  0,  the  vertical  pipe  6,  with  its 
stopcock  Cy  being  conveniently  placed  at  one  comer  of  the  tank,  as 
shown  in  the  engraving.  The  waste  steam  from  the  worm-pipe 
escapes  into  a  second  tank  b,  partly  filled  with  water,  which  thus 
becomes  heated,  and  is  used  for  rinsing.  A  rod  of  iron,  or  brass  tube 
with  an  iron  core,  rests  upon  the  bath,  longitudinally,  for  suspending 
the  articles  in  the  caustic  liquor. 

The  potash  solution  is  made  by  dissolving  half  a  pound  of  American 
potash  in  each  gallon  of  water  required  to  make  up  the  bath,  and  the 
solution  is  always  used  hot.  The  object  of  immersing  the  work  to  be 
nickeled  in  the  potash  bath,  is  to  render  soluble  any  greasy  matter 
which  may  be  present,  as,  for  example,  the  oil  used  in  the  various 
processes  of  polishing.    In  a  freshly  made  solutiun  (which  must 
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always  be  kept  hot),  the  work  will  only  require  to  be  immerfled  for  a 
few  minutes,  by  which  time  the  g^reasy  matter  will  have  become  con- 
yerted  into  soap,  and  being  thus  rendered  soluble,  may  easily  be 
removed  by  the  subsequent  operations  of  brushing  with  pumice,  &c.; 
but  we  must  bear  in  mind  that  the  eauatieity  of  the  solution  (and 
consequently  its  active  property)  gradually  becomes  diminidied,  not 
only  in  consequence  of  the  potash  having  combined  with  the  gpreasy 
matter,  but  also  owing  to  its  constantly  absorbing  carbonic  add  from 
the  air.  When  the  bath  has  been  some  time  in  use,  therefore,  it  will 
be  necessary  to  add  a  fresh  quantity  of  potash,  say  about  a  quarter 
of  a  pound  to  each  gallon.  It  is  easy  to  ascertain  if  the  potash  has 
lost  its  caustic  property  by  dipping  the  tip  of  the  finger  in  the  solu- 
tion, and  applying  it  to  the  tongue.  As  the  bath  becomes  weakened 
by  use,  the  articles  will  require  a  long^  immersion,  and,  with  few 
exceptions,  a  protracted  stay  in  the  bath  will  produce  no  injurious 
effect.  Articles  made  from  Britannia  metal,  or  which  have  pewter 
solder  joints,  should  never  be  suffered  to  remain  in  the  potash  bath 
longer  than  a  few  minutes,  since  this  alkali  (caustic  potash)  has  the 
power  of  dissolving  tin,  which  is  the  chief  ingredient  of  both.  Again, 
articles  made  from  brass  or  copper  should  never  be  suspended  from  the 
same  rod  as  steel  and  iron  articles,  in  case  the  potash  solution  should 
have  become  impregnated  with  tin  dissolved  from  solder,  &o. ;  for  if 
this  precaution  be  not  observed  it  is  quite  likely  (as  we  have  frequently 
seen  in .  an  old  bath)  that  the  steel  articles  will  become  coated  with 
tin,  owing  to  voltaic  action  set  up  in  the  two  opposite  metals  by  the 
potash  solution.  Cast-iron  work,  in  which  oil  has  been  used  in  the 
finishing,  should,  owing  to  its  porous  character,  be  immersed  in  the 
potash  bath  for  a  longer  period  than  other  metals  in  order  to  thoroughly 
cleanse  it  from  greasy  matter. 

Dips,  or  BtenNi. — ^Besides  the  potash  solution,  certain  other  liquids 
are  employed  in  nickel-plating  after  the  work  has  been  '*  potashed  " 
and  scoured,  which  may  be  properly  described  in  this  place ;  and  we 
may  here  remind  the  reader  that  the  employment  of  these  dipty  as 
they  are  called,  is  based  upon  the  fact  that  the  neutral  solution  of 
nickel  has  no  power  (unlike  cyanide  solutions)  of  dissolving  even  slight 
films  of  oxide  from  work  which,  after  being  scoured,  has  been  exposed 
to  the  air  and  become  slightly  oxidised  on  the  surface.  In  order, 
therefore,  to  remove  the  faintest  trace  of  oxidation  from  the  surface 
of  the  work — ^the  presence  of  which  would  prevent  the  nickel  from 
adhering — ^it  is  usual  to  plunge  it  for  a  moment  in  one  or  other  of  the 
following  ouxtures  after  it  has  been  scoured,  then  to  rinse  it,  and 
immediately  suspend  it  in  the  nickel  bath. 

The  Cyofiide  Dip. — This  solution  is  formed  by  dissolving  about  half 
a  pound  commercial  cyanide  of  potassium  in  each  gallon  of  water ;  for 
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operatioaa  on  a  moderate  scaile,  a  Htuaovaire  Fessel  capable  of  holding 
about  fifteen  gallons  may  be  supplied  witb  about  twelve  galloiu  of  tlu 
aolation.  Baths  of  the  form  shown  in  x,  fig'.  103,  and  which  ai«  to 
be  obteined  at  the  Lambeth  potteries,  are  well  suited  to  this  purpoae. 
A:Qothar  form  of  stoneware  vessel  is  seen  in  Fig.  104,  wbioh,  being 
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deepw,  is  useful  for  calaiu  classes  of  work.  In  applying  the  eyontib 
dip  to  artdclea  of  great  length,  it  ia  commonly  the  praotioe  to  employ  a 
oommoD  earthenware  jug,  kept  near  the  dipping  batii ;  this,  bdng 
filled  with  the  cyanide  solution,  ia  hold  above  the  highest  point  of  Qu) 
HTticle  (a  brass  tube,  for  inatonce)  and  tilted  so  that  ita  oonteota  may 
flow  downward  aud  pass  all  over  the  tube,  which  ia  then  qoiokly 
taken  to  the  water  trough  or  traj  and  well  rinsed,  when  it  is  at 
oooe  placed  in  the  nickel  bath.  On  using  the  oy anide  dip,  it  mn«t  be 
ranembered  that  ite  only  object  ia  te  dissolve  from  the  surfttoe  of  the 
recently  scoured  work  an  alaioil  imaginari/ _film  of  oxide  ,  therefore  the 
mere  contact  of  the  cyanide  solution  ia  amply  sufflcient  to  aooomplish 
the  object ;  on  no  account  should  brass  or  copper  artiolea  be  eipoaed 
to  tbe  action  of  the  dip  for  more  than  a  /etc  itcmdi ;  indeed,  if  the 
solution  is  in  an  active  condition,  the  quicker  the  opention  is  con- 
ducted the  better.  It  will  readily  be  nnderstood,  however,  that  the 
weak  cyanide  bath  will  gradually  lose  its  actdvily,  when  the  dipping 
may  be  effected  somewhat  more  leisurely.  It  is  a  oommoa  fault, 
however,  to  use  theae  dips  long  after  they  have  jrielded  up  their  active 
power,  and  we  have  frequently  known  them  to  be  anployed,  and 
relied  upon,  when  they  were  utterly  useless. 

The  Acid  Dip. — This  solutioD,  which  is  used  for  dipping  steel  and 
iron  articles  aHer  they  have  been  scoured,  is  composed  of  hydrochlorio 
(muriatio)  acid  and  water,  in  the  proportion  of  half  a  pound  of  the 
acid  to  each  gallon  of  water.  The  solution  is  generally  contained  in  • 
ahaUow  wooden  tub,  which  may  conveniently  bo  the  half  of  a  brandy 
cask  or  rum  puncheon  ;  but  since  the  acid  eventually  finds  its  way 
to  the  iron  hoops  by  which  such  vessels  are  held  together,  it  is  a  good 
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plan,  in  the  first  instanoe,  to  have  a  couple  of  wooden  hoops,  secured 
by  copper  rivets,  placed  over  the  vessel  so  as  to  prevent  it  from  leak- 
ing in  the  event  of  the  iron  hoops  giving  way  in  consequence  of  the 
corrosive  action  of  the  acid  liquor.  PKoautions  of  this  nature  will 
prevent  leakage  and  the  inconvenience  which  it  involves. 

IMppliiS  Add. — This  name  is  given  to  a  mixture  which  is  frequently 
used  for  imparting  a  bright  surface  to  brass  work,  and  which  is 
variously  composed  according  to  the  object  to  be  attained.  When 
required  for  dipping  brass  work  preparatory  to  nickel-plating,  it  is 
oommonly  composed  of — 

Sulphuric  acid 4  lbs. 

Nitric  acid 2  „ 

Water 4  pints. 

In  making  up  the  above  mixture,  the  nitric  acid  is  first  added  to  the 
water,  and  the  sulphuric  acid  (ordinary  oil  of  vitriol)  is  then  to  be 
g^radually  poured  in,  and  the  mixture  stirred  with  a  glass  rod.  When 
cold,  it  is  ready  for  use.  The  mixture  should  be  made,  and  kept,  in  a 
tUmeware  vessel,  which  should  be  covered  by  a  sheet  of  stout  glass 
each  time  after  using,  to  prevent  its  fumes  from  causing  annoyance 
and  from  injuring  brass  work  within  its  vicinity.  The  ''  dipping" 
should  always  be  conducted  either  in  an  outer  yard,  or  near  a  fire- 
place, so  that  the  fumes  evolved  during  the  operation  may  escape, 
since  they  are  exceedingly  irritating  when  inhaled  by  the  lungs. 
When  it  is  convenient  to  do  so,  it  is  a  good  plan  to  have  a  hood  of 
wrought  iron,  painted  or  varnished  on  both  sides,  fixed  above  an 
ordinary  fireplace  in  the  workshop,  and  to  have  a  hole  made  in  the 
brickwork  above  the  mantelpiece  to  conduct  the  fumes  into  the  chim- 
ney ;  this  arrangement,  however,  will  be  of  little  use,  unless  there  is 
a  good  draught  in  the  chimney.  It  is  well  to  ascertain  this,  there- 
fore, before  the  dipping  is  proceeded  with,  which  may  be  readily  done 
by  holding  a  large  piece  of  ignited  paper  above  the  grate,  when,  if 
the  flame  persistently  inclines  towards  the  chimney,  the  draught  may 
be  considered  perfect ;  if,  however,  it  shows  any  inclination  to  come 
forward^  it  may  be  assumed  that  the  draught  is  imperfect,  owing  to 
the  chimney  being  filled  with  cold  air.  In  this  case  lighted  paper 
should  be  applied  as  before,  until  the  flame  and  smoke  of  the  ignited 
material  have  a  direct  tendency  upward,  or  in  the  direction  of  the 
chimney.  We  are  induced  to  give  these  precautionary  hints  more 
especially  for  the  g^dance  of  those  who  may  be  necessitated  to  work 
in  apartments  of  limited  space.  In  all  cases,  a  vessel  of  clean  water 
should  be  placed  close  to  the  dipping  bath,  into  which  the  articles  are 
plunged  thf  instant  after  they  have  been  removed  from  the  dipping 
acid. 
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noklinc  Bath. — Cast  iron,  before  being  nickeled,  requiree  to  be 
placed  in  a  cold  acid  solution,  or  pickle,  as  it  ia  called,  to  dissolve  or 
loosen  the  oxide  from  its  surface.  The  pickle  may  be  prepared  in  a 
wooden  tub  or  tank,  from  either  of  the  following  formulie : — 

Sulphuric  acid  (oil  of  vitriol)     .                .        .    )  lb. 
Water i  gallon. 

• 

Cast-iron  work  immersed  in  this  bath  for  twenty-  minutes  to  half 
an  hour  will  generally  have  its  coating  of  oxide  sufficiently  loosened 
to  be  easily  removed  by  means  of  a  stiff  brush,  sand,  and  water. 

When  it  is  desired  that  the  articles  should  come  out  of  the  bath 
bright,  instead  of  the  duU  black  colour  which  they  present  when 
pickled  in  the  plain  sulphuric  acid  bath,  the  following  formula  may 
be  adopted : — 

Sulphuric  acid i  lb. 

Water i  gallon. 

Dissolve  in  the  above  two  ounces  of  zinc,  which  may  be  convenientiy 
applied  in  its  granuUited  form.  When  dissolved,  add  half  a  pound  of 
nitric  acid,  and  mix  well. 


CHAPTER  XIX. 

ELECTRO-DEPOSITION  OF  NICKEL  (eontimted). 

Preparation  of  Nickeling  Solutions. — Adams'  Process. — Unwinds  Process 
— Weston's  Process. — Powell's  Process. — Potts*  Process. — Doable  Cyanide 
of  Nickel  and  Potassium  Solution. — Solution  for  Nickeling  Tin, 
Britannia  Metal,  Ac. — Simple  Method  of  preparing  Nickel  Salts. — 
Desmur's  Solution  for  Nickeling  Small  Articles. 

VMparatlon  of  llickiiling  Bolntloiu. — ^Although  many  solutions 
have  been  proposed,  we  may  say,  with  confidence,  that  for  all  prao- 
tioal  purposes  in  the  electro-deposition  of  nickel,  a  solution  of  the 
double  sulphate  of  nickel  and  ammonium,  with  or  without  the  addition 
of  common  salt,  will  be  found  the  most  easy  to  work  and  the  most  uni- 
form in  its  results,  while  it  is  exceedingly  permanent  in  character  if 
worked  with  proper  care  and  kept  free  from  the  introduction  of  foreign 
matter.  The  prex>aration  of  a  nickel  bath  from  the  pure  double  salt  is 
exceedingly  simple,  as  we  have  shown,  and  only  needs  ordinary  care  to 
keep  such  a  solution  in  good  working  orderfor  a  very  considerable  period. 
In  order  that  tiie  reader  may,  however,  become  conversant  with  tiie 
various  solutions  and  modifications  which  ingenious  persons  have  from 
time  to  time  introduced,  we  will,  as  briefly  as  possible,  explain  such 
of  tiiese  processes  as  may  appear  to  deserve  attention,  if  not  adoption. 
Boettger's  original  process  having  been  already  referred  to,  we  will 
now  describe  Mr.  Adams'  modification  of  it,  for  which  he  obtained 
patents  in  this  country,  in  France,  and  tiie  United  States,  and  which, 
after  much  costiy  litigation,  and  consequent  loss  to  those  who  had 
become  possessed  of  tiiem,  were  proved  to  be  unnecessary  to  the  success- 
ful deposition  of  nickel  by  electrolysis.  When  the  ordinary  simple 
methods  of  preparing  the  double  salts  of  nickel  and  ammonium  are  taken 
into  consideration,  it  seems  marvellous  that  Adams'  exceedingly  round- 
about process — ^which  no  one  witii  practical  chemical  knowledge  would 
dream  of  following — should  have  been  considered  worth  contesting  ; 
not  to  defend  the  process  as  such,  which  no  one  infringed,  but  to 
secure  tiie  sole  right  to  deposit  nickel  by  electro-chemical  means,  by 
any  process  whatever.  And  what  was  the  real  "  bone  of  contention  "  ? 
It  was  based  upon  the  most  absurd  ''  claim  "  ever  allowed  to  become 
attached  to  a  patent,  which  runs  as  follows :— 
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"The  electro-deposition  of  nickel  by  means  of  a  solution  of  the 
doable  sulphate  of  nickel  and  ammonia,  or  a  solution  of  the  double 
chloride  of  nickel  and  ammonium,  prepared  as  [below]  described,  and 
used  for  the  purposes  [below]  set  forth,  in  such  a  manner  as  to  be  free 
from  the  presence  of  potash,  soda,  alumina,  lime,  or  nitric  acid,  or 
from  any  acid  or  alkaline  reaction.*' 

According  to  this,  if  any  solution  of  nickel,  no  matter  how  pre- 
pared, which  could  be  proved  by  analysis  to  be  free  from  the  sub- 
stances named  (not  one  of  which  would  be  a  necessary  associate  of 
nickel  or  of  its  double  salts),  such  solution,  if  used  in  nickel-plating, 
would  be  an  infringement  of  the  patent!  This  tee  know  was  the 
impresBion  of  those  who  held  the  English  patent,  and  we  vainly 
endeavoured  to  show  its  fallacy.  '*  Any  solution  of  nickel  which  is 
free  from  these  substances  and  used  for  plating  purposes  is  an  infringe- 
ment of  our  patent.'*  That  was  the  contention,  and  the  owners  of 
this  patent  believed  themselves  entitled  to  an  absolute  monopoly  of  the 
right  to  nickel-plate  within  the  four  quarters  of  the  United  Kingdom. 

Adams'  Pirocaas. — In  preparing  the  solution,  the  inventor  prefers 
to  use  pure  nickel,  but  commeroial  nickel  may  be  used.  *'Commeroial 
nickel,"  says  the  patentee,  **  almost  always  contains  moro  or  less  of 
the  reagents  employed  in  the  purification  of  this  metal,  such  as  sul- 
phate of  lime,  sulphide  of  calcium,  sulphide  of  sodium  or  potassium, 
chloride  of  sodium,  and  alumina.  When  any  of  these  substances  are 
present,  it  is  necessary  to  remove  them.  This  can  be  done  by  melting 
the  nickel,  or  by  boiling  it  in  water  containing  at  least  i  per  cent,  of 
hydrochloric  acid.  The  boiling  must  be  repeated  with  fresh  acid  and 
water  until  the  wash -waters  give  no  indication  of  the  presence  of  lime 
when  treated  with  oxalate  of  ammonia.  When  the  metal  is  purified 
by  melting,  the  foreign  substances  coUect  on  the  top  of  the  metal  in 
the  form  of  slag,  which  can  be  removed  mechanically.  If  the  nickel 
contains  zinc,  it  should  be  melted  in  order  to  volatilise  the  zinc  and 
drive  it  ofiP.  The  crucible  in  such  a  case  must  not  be  closed  so  tightly 
as  to  prevent  the  escape  of  the  zinc  fumes.  If  copper,  arsenic,  or 
antimony  be  present  in  the  nickel,  they  can  be  removed,  after  the 
nickel  is  dissolved,  by  passing  sulphuretted  hydrogen  through  the 
solution.  The  acid  to  be  used  in  dissolving  the  metal  consists  of 
I  part  strong  nitric  acid,  6  parts  muriatic  acid,  and  T  part  water. 
Nitric  acid  or  muriatic  acid  may  be  used  separately,  but  the  above  is 
preferred.  A  quantity  of  this  acid  is  taken  sufficient  to  dissolve  any 
given  amount  of  the  metal,  with  as  little  excess  of  the  former  as  pos- 
sible ;  a  gentle  heat  is  all  that  is  required.  The  resulting  solution  is 
filtered ;  and  to  prepare  the  solution  of  the  double  sulphate  of  nickel 
and  ammonium,  a  quantity  of  strong  sulphuric  acid,  sufficient  to  con- 
vert all  the  metal  into  sulphate,  is  added,  and  the  solution  is  then 
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evaporated  to  dryness.  The  mass  is  then  again  dissolved  in  water, 
and  a  much  smaller  quantity-  than  before  of  sulphuric  acid  is  added, 
and  the  whole  again  evaporated  to  dryness,  the  temperature  being 
raised  finally  to  a  jMsint  not  to  exceed  650**  Fahr.  This  temperature  is 
to  be  sustained  until  no  more  vapours  of  sulphuric  acid  can  be 
detected.  The  resulting  sulphate  of  nickel  is  pidverised,  and  thoroughly 
mixed  with  about  one-fiftieth  of  its  weight  of  carbonate  of  ammonia, 
and  the  mass  again  subjected  to  a  gradually  increasing  tempera- 
ture, not  to  exceed  650®  Fahr.,  until  the  carbonate  of  ammonia 
is  entirely  evaporated.  If  any  iron  is  present,  the  most  of  it  will  be 
converted  into  an  insoluble  salt,  which  may  be  removed  by  filtration. 
The  resulting  dry  and  neutral  sulphate  of  nickel  is  then  dissolved  in 
water  by  boiling,  and  if  any  insoluble  residue  remains,  the  solution  is 
filtered.  From  the  weight  of  nickel  used  before  solution,  the  amount 
of  sulphuric  acid  in  the  dry  sulphate  can  be  calculated.  This  amount 
of  sulphuric  acid  is  weighed  out  and  diluted  with  four  times  its  weight 
of  water,  and  saturated  with  -pxae  ammonia  or  carbonate  of  ammonia 
— ^the  former  is  preferred.  This  solution,  if  it  is  at  all  alkaline,  should 
be  evaporated  until  it  becomes  neutral  to  test-paper.  The  sulphate 
of  ammonia  of  commerce  may  Hkewise  be  used,  but  pure  sulphate  of 
ammonia  is  to  be  preferred.  The  two  solutions  of  the  sulphate  of 
nickel  and  sulphate  of  ammonia  are  then  united,  and  diluted  with 
sufficient  water  to  leave  i^  to  2  ounces  of  nickel  to  each  gallon  of  solu- 
tion, and  the  solution  is  ready  for  use.  The  object  of  twice  evaporat- 
ing to  dryness  and  raising  the  temperature  to  so  high  a  degree  is,  in 
the  first  place,  to  drive  oS  the  excess  of  sulphuric  acid  ;  and  secondly, 
to  convert  the  sulphate  of  iron,  if  it  exists,  into  basic  sulphate,  which 
is  quite  insoluble  in  water. 

*'  In  order  to  give  the  best  results,  it  is  necessary  that  the  solution 
should  be  as  nearly  neutral  as  possible,  and  it  should  in  no  case  be 
acid.  The  inventor  prefers  to  use  the  solution  of  a  specific  gravity  of 
about  i'052  (water  i-ooo),  though  a  much  weaker  or  still  stronger 
solution  may  be  used.  At  temperatures  above  the  ordinary  the  solu- 
tion still  gives  g^ood  results,  but  ia  liable  to  be  slowly  decomposed. 
An  excess  of  sulphate  of  ammonia  may  be  used  to  dilute  the  solution, 
in  cases  where  it  is  desirable  to  have  it  contain  much  lees  than  t  ounce 
of  nickel  to  the  gfallon. 

**  In  preparing  the  solution  of  double  chloride  of  nickel  and  ammo- 
nium, the  nickel  is  to  be  purified  and  dissolved  in  the  same  manner  as 
is  described  for  the  previous  solution  ;  and  it  is  to  be  freed  from  copper 
and  other  foreign  matters  in  the  same  manner.  The  solution  is  then 
evaporated  to  dryness  ;  it  should  be  rendered  as  anhydrous  as  possible. 
The  salt  is  then  placed  in  a  retort,  and  heated  to  a  bright  red  heat. 
The  salt  sublimes,  and  is  collected  in  a  suitable  receiver,  the  earthy 
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matter  being  left  behind.  The  salt,  thus  purified,  is  diigaolved  in 
water,  and  to  the  solution  ia  added  an  equivalent  quantity  of  pure 
chloride  of  ammonium.  The  solution  is  then  ready  for  use ;  it  may 
have  a  specific  g^vity  of  1*050  to  i-ioo.*** 

The  repeated  evajMsrationB  recommended  by  Adams  are  wholly 
unnecessary  in  the  preparation  of  the  double  sulphate  of  nickel  and 
ammonium  or  the  double  chloride,  for  if  the  nickel  be  pure  (and  there 
is  no  difficulty  in  obtaining  it  in  this  condition),  the  ordinary  method 
of  dissolving  the  metal  or  its  oxide,  and  subsequent  addition  of  the 
ammonia  salt  and  careful  crystallising  the  double  salt,  would  give  the 
same  result,  with  far  greater  economy,  both  of  time  and  iiouble. 

m&win'a  Process. — This  ingenious  process,  for  which  Mr.  XJnwin 
obtained  a  patent  in  1877,  and  in  which  crystallisation  of  the  salts 
18 rendered  unnecessary,  is  conducted  as  follows :— He  first  prepares 
the  sulphate  of  nickel  *^by  taking  three  parts  of  strong  nitric  acid 
(sp.  gr.  about  1*400),  one  part  of  strong  sulphuric  acid  (sp.  gr. 
about  1*840),  and  four  parts  of  water,  all  by  measure,  mixing  them 
cautiously,  and  about  half  filling  an  open  earthenware  pan  with  the 
mixture.  To  every  gallon  of  this  mixed  acid,  I  then  add  about  two 
pounds  of  ordinary  grain  or  cube  nickel,  and  I  heat  the  liquid  by  a 
sand-bath  or  other  suitable  means.  If  during  the  process  of  solution 
the  action  becomes  inconveniently  violent,  I  moderate  it  by  the  addi- 
tion of  a  little  cold  water.  If  the  nickel  entirely  dissolves  (except  a 
small  quantity  of  black  matter),  I  add  more  of  it,  in  small  portions  at 
a  tune,  and  continue  the  addition  at  intervals  until  it  is  in  excess. 
When  the  production  of  red  fumes  has  nearly,  or  entirely,  ceased,  or 
when  the  liquid  becomes  thick  and  pasty,  from  the  separation  of  solid 
sulphate  of  nickel,  I  add  a  moderate  quantity  of  hot  water,  and  boil 
and  filter  the  solution  ;  the  deep  green  liquid  so  obtained  is  a  strong 
solution  of  sulphate  of  nickel.  If,  from  the  circumstance  of  its  pro- 
duction, I  consider  that  it  requires  purification,  I  concentrate  the 
solution  by  evaporation,  until  on  cooling  it  yields  a  considerable 
percentage  of  crystals  of  sulphate  of  nickel ;  these  crystals  I  collect, 
wash  with  a  little  cold  water,  and  redissolve  in  a  moderate  quantity 
of  hot  water,  filtering  again  if  necessary.  When  cold,  the  liquid  is 
ready  for  further  treatment. 

'*  I  next  prepare  a  strong  solution  of  sulphate  of  ammonia,  by  dis- 
solving the  salt  in  hot  water,  in  the  proportion  of  about  four  pounds 
of  the  salt  to  each  gallon  of  water,  and  then  filter  the  liquid  if  neces- 
sary, and  allow  it  to  become  cold.  I  then  obtain  the  pure  double 
sulphate  of  nickel  and  ammonia  by  adding  the  above  solution  of 
sulphate  of  ammonia  to  that  of  the  sulphate  of  nickel ;  but  I  do  not 

*  For  further  remarks  upon  Adam's  process,  see  pp.  460,  461. 
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stop  the  addition  of  the  solution  of  sulphate  of  ammonia,  when  suffi- 
cient has  been  added  to  combine  with  all  the  sulphate  of  nickel 
present,  but  I  continue  to  add  a  large  excess.  I  do  this  because  I 
have  discovered  that  the  double  sulphate  of  nickel  and  ammonia  is  far 
less  soluble  in  the  solution  of  sulphate  of  ammonia  than  in  pure 
water,  so  that  it  is  precipitated  from  its  solution  in  water  on  adding 
sulphate  of  ammonia.  I  therefore  continue  adding  the  solution  of 
sulphate  of  ammonia,  continually  stirring,  until  the  liquid  loses 
nearly  all  its  colour,  by  which  time  the  double  sulphate  of  nickel  and 
ammonia  will  have  been  precipitated  as  a  light  blue  crystalline 
powder,  which  readily  settles  to  the  bottom  of  the  vessel.  I  then 
pour  off  the  liquid  from  the  crystalline  precipitate  of  double  sulphate 
of  nickel  and  ammonia,  and  wash  the  latter  quickly  with  a  strong, 
cold  solution  of  sulphate  of  ammonia,  as  often  as  I  consider  necessary 
for  its  sufficient  purification ;  but  I  do  not  throw  away  this  liquid 
after  use,  but  employ  it  at  my  discretion  for  combining  with  fresh 
sulphate  of  nickel,  instead  of  dissolving  a  further  amount  of  sulphate 
of  ammonia.  If  I  desire  to  make  a  further  purification  of  the  double 
sulphate  of  nickel  and  ammonia,  I  make  a  strong  solution  of  it  in 
distilled  water,  and  add  to  the  liquid  a  strong  solution  of  sulphate  of 
ammonia,  by  which  means  the  double  sulphate  is  precipitated  in  a 
very  pure  condition,  and  is  separated  from  the  Uquid  by  filtration,  or 
by  other  convenient  means,  and  then  dried,  or  used  direct  as  may  be 
desired  ;  the  liquid  strained  away  can  be  employed,  instead  of  fresh 
solution  of  sulphate  of  ammonia,  for  combining  with  more  sulphate 
of  nickel,  or  for  washing  the  precipitate  of  the  double  sulphate." 

Weston's  Froesss. —  Mr.  Edward  Weston,  of  Newark,  N.J., 
having  observed  that  boric  acid,  when  added  to  nickel  solutions,  pro- 
duced favourable  results  in  the  electro-deposition  of  nickel,  obtained 
a  patent  for  '*  the  electro-deposition  of  nickel  by  means  of  a  solution 
of  the  salts  of  nickel  containing  boric  acid,  either  in  its  free  or  com- 
bined state.  The  nickel  salts  may  be  either  single  or  double."  The 
advantages  claimed  for  the  boric  acid  are  that  it  prevents  the  deposit 
of  sub-salts  upon  the  articles  in  the  bath,  which  may  occur  when  the 
bath  is  not  in  good  condition.  Mr.  Weston  further  claims  that  the 
addition  of  this  acid,  either  in  its  free  or  combined  state,  to  a  solution 
of  nickel  salts  renders  it  less  liable  to  evolve  hydrogen  when  the  solu- 
tion is  used  for  electro -deposition ;  that  it  increases  the  rapidity  of 
deposition  by  admitting  the  employment  of  a  more  intense  current, 
while  it  also  improves  the  character  of  the  deposit,  which  is  less 
brittle  and  more  adherent.  Mr.  Wahl,  after  extended  practical  trials 
of  Mr.  Weston^s  formula,  states  that  they  have  **  convinced  him  of  the 
substantial  correctness  of  the  claims  of  the  inventor,"  and  he  adds, 
"Where  the  double  sulphate  of  nickel  and  ammonia  is  used,  the  addi- 
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tion  of  boric  acid,  in  the  proportion  of  from  i  onnce  to  3  onnoee  to  the 
g^on  of  solution,  gives  a  bath  less  difficult  to  maintain  in  grood 
working'  order,  and  affords  a  strongly  adhesiye  deposit  of  nickel.  The 
deposited  metal  is  dense  and  white,  approaching  in  brilliancy  that 
obtained  from  the  solution  of  the  double  cyanide."  The  formula  for 
preparing  the  solution  ii 


Double  sulphate  of  nickel  and  ammonia  .        .        .     zo  parts. 

Boric  acid,  refined 2}  to  5     „ 

Water 150  to  200     „ 


Tow^Hl'M  Piuoeai. — ^This  inveiitor  claims  to  have  discovered  that 
benzoic  acid,  added  to  any  of  the  nickel  salts,  arrests,  in  a  marked 
deg^ree,  the  tendency  to  an  imperfect  deposit,  prevents  the  decompo- 
sition of  the  solution,  and  consequent  formation  of  sub-salts.  The 
proportion  of  benzoic  acid  to  be  added  to  the  bath  is  said  to  be  one- 
eighth  of  an  ounce  to  the  gallon  of  solution.  This  bath  has  been 
favourably  spoken  of.  Powell  also  gives  the  following  formulse  for 
nickel  baths : — 

1.  Sulphate  of  nickel  and  ammonia  .                .        .  zo  parts. 

Sulphate  of  ammoniu^ 4     »y 

Citric  acid z     „ 

Water  .    ' 200     „ 

The  solution  is  prepared  with  the  aid  of  heat,  and  when  cool,  a 
mnall  quantity  of  carboziate  of  ammonia  is  added  until  the  solution  is 
neutral  to  test  paper. 

2.  Sulphate  of  nickel 6  parts. 

Citrate  of  nickel 3     »» 

Phosphate  of  nickel  3     n 

Benzoic  acid 1}   n 

Water 200     „ 

3.  Phosphate  of  nickel zo  parts. 

Citrate  of  nickel 6  „ 

Pyrophosphate  of  sodium zo)  „ 

Bisulphite  of  sodium x)  n 

Citric  acid 3  »f 

Liquid  ammonia 1 5  » 

Water 400  „ 

These  solutions  are  said  to  give  good  results,  but  the  very  compli- 
cated ziature  of  the  latter  almost  takes  one's  breath  away. 

Pons'  rirooeas.— In  1880,  Mr.  J.  H.  Potts,  of  Philadelphia, 
patented  an  improved  solution  for  the  electro-deposition  of  nickel, 
which  oonsists  in  employing  acetate  of  nickel  and  acetate  of  lirne^ 
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with  '*  the  addition  of  sufficient  free  acetic  acid  to  render  the  Bolntion 
distinctly  acid."    The  formula  is  given  below : — 

Acetate  of  nickel 2}  parts. 

Acetate  of  calcium 2|    » 

Water 100      „ 

To  each  gallon  of  the  above  solution  is  added  i  fluid  ounce  of  aoetio 
acid  of  the  sp.  gr.  i'047.  Mr.  Potts  first  precipitates  the  carbonate 
of  nickel  from  a  boiling  aqueous  solution  of  the  sulphate,  by  the 
addition  of  bicarbonate  of  soda,  then  filters  and  dissolves  the  well- 
washed  precipitate  in  acetic  acid,  with  the  aid  of  heat. 

*^  To  prepare  this  bath,  dissolve  about  the  same  quantity  of  the  dry 
carbonate  of  nickel  as  that  called  for  in  the  formula  (or  three-quarters 
of  that  quantity  of  the  hydrated  oxide)  in  acetic  acid,  adding  the  acid 
cautiously,  and  heating  until  effervescence  has  ceased  and  solution  is 
complete.  The  acetate  of  calcium  may  be  made  by  dissolving  the 
same  weight  of  carbonate  of  calcium  (marble  dust)  as  that  called  for 
in  the  formula  (or  one-half  of  the  quantity  of  caustic  lime),  and  treat- 
ing it  in  the  same  manner.  Add  the  two  solutions  together,  dilute 
the  volume  to  the  required  amount  by  the  addition  of  water,  and  then 
to  each  gallon  of  the  solution  add  a  fluid  ounce  of  free  acetic  acid  as 
prescribed." 

In  reference  to  the  above  solution,  Wahl  says  that  he  has  worked 
it  under  a  variety  of  circumstances,  and  has  found  it,  in  many 
respects,  an  excellent  one.  "  It  gives  satisfactory  results,"  he  states, 
'*  without  that  care  and  nicety  in  respect  to  the  condition  of  the 
solution  and  the  regulation  of  the  current  which  are  necessary  with 
the  double  sulphate  solution.  The  metallic  strength  of  the  solution  is 
fully  maintained,  without  requiring  the  addition  of  fresh  salt,  the 
only  point  to  be  observed  being  the  necessity  of  adding  from  time  to 
time  (say  once  a  week)  a  sufficient  quantity  of  acetic  acid  to  maintain 
a  distinctly  acid  reaction.  It  is  rather  more  sensitive  to  the  presence 
of  a  large  quantity  of  free  acid  than  to  the  opposite  condition  ;  as  in 
the  former  condition  it  is  apt  to  produce  a  black  deposit,  while  it  may 
be  run  down  nearly  to  neutrality  without  notably  affecting  the 
character  of  the  work.  The  deposited  metal  is  characteristically 
bright  on  bright  surfaces,  and  requiring  but  little  buffing  to  finish. 
It  does  not  appear,  however,  to  be  so  well  adapted  for  obtaining 
deposits  of  extra  thickness  as  the  commonly  used  double  sulphate  of 
nickel  and  ammonium.  On  the  other  hand,  its  stability  in  use,  the 
variety  of  conditions  under  which  it  will  work  satisfactorily,  and  the 
trifling  care  and  attention  it  caUs  for,  make  it  a  useful  solution  for 
nickeling." 

Boubto  Oyanld*  of  molMl  and  PotaMtmn  Soltitton. — ^This  was 
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one  of  the  earliest  solutions  used  for  depositing  nickel,  and  is  capable 
of  yielding  an  exceedingly  white  deposit.  Though  neither  so  eoono- 
mical  nor  so  susceptible  of  yielding  stout  deposits  of  nickel  as  the 
ordinary  double  sulphate  or  double  chloride,  it  may  be  advantageously 
employed  when  only  a  thin  coating  of  a  fine  white  colour  is  desired. 
It  is  stated  to  be  somewhat  extensively  used  in  some  large  nickel- 
plating  works  in  the  United  States.  To  prepare  the  solution,  pfure 
nickel  or  oxide  of  nickel  is  dissolved  in  either  of  the  mineral  acids  ; 
a  mixture  of  hydrochloric  and  nitric  acids,  in  the  proportion  of  four 
parts  of  the  former  to  one  of  the  latter,  may  be  used,  an  excess  of  the 
metal  being  taken  to  fully  neutralise  the  acid.  The  solution  is  then 
evaporated  and  set  aside  to  crystallise.  The  crystals,  after  being  well 
drained  and  quickly  rinsed  in  cold  water,  are  next  dissolved  in  water 
by  the  aid  of  heat,  and  when  the  solution  has  become  cold  a  solution 
of  C3ranide  of  potassium  is  carefully  added,  with  stirring,  until  all  the 
metal  has  been  thrown  down  in  the  form  of  cyanide  of  nickel.  Care 
must  be  taken  not  to  add  an  excess  of  cyanide.  The  supernatant 
liquor  is  now  to  be  poured  off,  and  the  precipitate  washed  repeatedly 
with  water.  A  strong  solution  of  cyanide  is  next  added,  with  stirring, 
until  all  the  cyanide  of  nickel  is  dissolved.  A  small  excess  of  cyanide 
is  then  to  be  added,  when  a  reddish-brown  solution  of  double  cyanide 
of  nickel  and  potassium  will  result,  which,  after  filtering,  is  ready  for 
use.  The  solution  should  be  as  concentrated  as  possible,  abnost  to  the 
point  of  saturation. 

flOtatfoift  ilBr  HlolMiHng  Tin,  Brttaimia  Btotal,  *o.— The  follow- 
ing formula  has  been  reoonmiended  for  coating  tin,  Britannia  metal, 
lead,  and  zinc,  as  also  brass  and  copper : — 

Sulphate  of  nickel  and  ammonium  .     xo  parts. 

Sulphate  of  ammonium 2    „ 

Water 300    „ 

The  salts  are  to  be  dissolved  in  boiling  water,  and  when  cold  the 
solution  is  ready  for  use.  For  nickeling  cast  and  wrought  iron  and 
steel  the  following  bath  is  recommended : — 

Sulphate  of  nickel  and  ammonium  .10  parts. 

Sulphate  of  ammonium i)  „ 

Water 250    „ 

Wmpla  Matliod  ofPnpaxkng  Hlekal  Baits.— To  make  the  double 
chloride  of  nickel  and  ammonia  take,  say,  2  ounces  of  pure  cube  nickel, 
or  oxide  of  nickel,  and  dissolve  in  hydrochloric  acid,  to  which  a  little 
nitric  acid  may  be  added,  taking  care  not  to  have  an  excess ;  apply 
gentle  heat  to  assist  the  chemical  action.  When  the  evolution  of  gas 
has  ceased  dilute  the  resulting  solution  with  cold  water  to  make  about 
I  quart  of  liquor ;  now  add  liquid  ammonia  gradually,  stirring  after 
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each  addition,  until  the  solution  is  neutral  to  test-paper ;  now  disaolyo 
I  ounce  of  chloride  of  ammonium  (sal-ammoniac)  in  sufficient  water, 
and  add  this  to  the  former  solution ;  evaporate  the  mixture  until 
crystals  begin  to  form,  then  allow  it  to  cool  and  crystallise  gradually ; 
next  pour  off  the  clear  liquor,  and  repeat  the  evaporation  to  obtain 
a  second  batch  of  crystals  ;  in  the  latter  operation  the  solution  may 
be  evaporated  to  dryness.  ^  Finally,  mix  all  the  resulting  products 
together  and  dissolve  in  about  three  pints  of  hot  water,  filter,  and 
make  up  to  about  one  gallon  by  the  addition  of  cold  water.  The 
solution  should  have  a  specific  g^ravity  of  1*050  to  1*075. 

The  Double  Sulphate  of  Nickel  a$ul  Ammonium  may  readily  be  formed 
by  dissolving  oxide  or  carbonate  of  nickel  in  dilute  sulphuric  acid 
(l  part  acid  to  2  parts  water).  The  resulting  solution  is  then  to  be 
neutralised  with  ammonia  and  crystallised.  To  each  pound  of  the 
dry  crystals  add  i  pound  of  pure  sulphate  of  ammonia,  dissolve  the 
mixed  salts,  evaporate  the  solution,  and  re-crystallise.  Cube  or  grain 
nickel  may  also  be  dissolved  in  a  mixture  composed  of  i  part  sulphuric 
acid  and  2  parts  water,  with  the  addition  of  a  small  quantity  of  nitric 
acid,  moderate  heat  being  applied  as  before.  The  solution  is  then  to 
be  evaporated  and  set  aside  to  crystallise,  and  to  convert  the  sulphate 
of  nickel  into  the  double  salt,  sulphate  of  ammonia  is  to  be  added  in  the 
same  proportion  as  before ;  the  mixed  salts  must  be  dissolved,  filtered, 
and  crystallised.  In  making  up  a  bath  from  the  double  sulphate 
prepared  by  either  of  the  above  methods,  about  12  ounces  of  tiie  dry 
crystals  are  to  be  taken  for  each  gallon  of  bath,  and  the  crystals 
should  be  dissolved  in  sufficient  hot  water,  the  solution  filtered,  and 
the  requisite  quantity  of  cold  water  added  to  make  up  the  full  quantity 
of  the  solution  in  the  proportions  given.  At  the  temperature  of  60**  Fahr. 
the  bath  should  have  a  speoiflo  g^Tity  of  about  1*052.  It  is  neces- 
sary to  state  that  the  nickel  employed  should  be  pure^  which  can  only  be 
relied  upon  by  obtaining  it  from  some  well-known  respectable  house. 

Peaium'a  Solution  for  HlelMUiiff  Small  Artloles.— The  author 
is  indebted  to  M.  Desmur  for  the  following  formula  for  coating  small 
articles,  which  we  recommend  to  the  attention  of  those  whose  trade 
chiefly  lies  in  nickeling  struck  work,  such  as  umbrella-mounts,  and 
the  like : — 

Double  sulphate  of  nickel  and  ammonium    .      7  kilogrammes 

Bicarbonate  of  soda 800  grammes. 

Water 100  litres. 

The  bicarbonate  of  soda  must  be  added  when  the  nickel  solution  is 
warm,  in  small  quantities  at  a  time,  otherwise  the  effervescence  which 
occurs  may  cause  the  solution  to  overflow.  The  bath  is  to  be  worked 
up  to  nearly  boiling  point.  If,  after  working  for  some  time,  the 
deposit  becomes  of  a  darkish  colour,  add  a  small  lump  (about  the  size 
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of  a  nut)  of  sulphide  of  sodium,  which  will  remedy  it.  '*  Of  all  the 
solutions  of  nickel  which  I  have  tried,*'  says  M.  Desmur,  **  this  has, 
without  doubt,  given  me  the  best  results,  both  as  to  quickness  of 
working  and  whiteness  of  deposit,  which  is  equal  to  that  of  silver. 
Nickel  deposited  from  this  solution  can  be  burnished.  If  the  nature 
of  the  articles  to  be  nickeled  will  not  allow  them  to  be  either  polished 
or  bumished,  they  may  be  rendered  bright  by  first  dipping  them  in 
nitric  acid  and  afterwards  passing  them  rapidly  through  a  mixture  of 
old  nitric  acid  dip  (already  saturated  with  copper),  sulphuric  acid, 
greasy  calcined  soot,  and  common  salt." 


CHAPTER  XX. 

ELECTTRO-DEPOSITION  OF  NICKEL  (eontinueO). 

Preparation  of  the  Work  for  Nickel-plating.— The  Scouring  Tray.— Brass  and 
Copper  Work.— Nickeling  small  Steel  Articles.— Nickeling  small  Brass 
and  Copper  Articles. — Nickeling  by  Dynamo-electricity. — Nickeling 
Mailers,  Sausage  Warmers,  &c. — Nickeling  Bar  Fittings,  Sanitary  Work, 
^.—Nickeling  Long  Pieces  of  Work.— Dead  Work  —Nickeling  Stove 
Front?,  Ac. — Nickeling  Bicycles,  Ac. — Nickeling  Second-hand  Bicycles, 
Ac — Nickeling  Sword-scabbards,  Ac. — Nickeling  Harness  Furniture, 
BitB,  Spurs,  Ac. — Nickeling  Cast-iron  Work. — Nickeling  Chain  Work. — 
Re-Nickeling  Old  Work.— Nickeling  Notes. 

Preparation  of  thm  Work  tor  Hlekol-platliis. — Since  the  yarions 
metals  ordinarily  coated  with  nickel  require  different  trentment,  it 
will  be  more  oonyenient  to 
treat  them  under  their  re- 
spective heads,  by  which 
the  intending  nickel-plater 
will  become  more  readily 
conversant  with  the  mani- 
pulation requisite  in  each 
particular    case.     All  the  pig.  105. 

preliminary  arrangements 

of  nickel  bath,  batteries,  dips,  Ac,  being  complete,  the  work,  as  it 
is  received  from  the  polishing  shop,  should  be  placed  in  regular 
order  upon  a  bench,  the  name  of  each  customer  being  indicated  by  a 
ticket  for  each  group  of  work,  so  as  to  prevent  confusion.  Small 
work  is  generally  handed  into  the  plating-room  upon  shallow  trays, 
of  the  form  indicated  in  Fig.  105.  These  trays  are  usually  about 
2  feet  long  by  15  inches  wide,  and  about  3  inches  deep ;  they  are 
made  of  ordinary  inch  deal,  planed  on  both  sides,  and  the  comers  are 
boimd  with  stout  sheet  iron.  The  trays  are  made  of  various  sizes  to 
suit  the  different  classes  of  work  to  be  conveyed  in  them.  The 
reader  is  referred  to  another  chapter  for  a  description  of  the  process 
of  polishing. 

Tho  BoowBiug  Tray. — This  apparatus,  which  has  to  be  subjected 
to  much  wear  and  tear,  requires  to  be  well  put  together,  and  must  be 
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thoroughly  water-tight.  A  sketcli  of  the  scouring  traj  generally- 
adopted  is  shown  in  Fig.  io6.  It  is  usually  made  from  two-inch  deal, 
planed  on  both  sides  ;  the  joints  are  rendered  water-tight  by  means  of 
india-rubber,  and  the  various  parts  are  well  bound  together  by  screwed 
bolts  and  nuts.  The  dimensions  may  be  6  or  8  feet  long  (inside), 
2  feet  6  inches  wide,  and  about  15  or  18  inches  deep.  It  is  divided 
into  two  equal  compartments  by  a  wooden  partition,  and  a  stout  shelf 
is  fixed  across  one  compartment,  upon  which  is  a  small  block  of  wood 
— about  7  or  8  inches  long,  and  2  inches  square,  secured  to  the  shelf, 
by  screws,  from  beneath,  for  scouring  small  articlei^.    A  water-tap, 


Fig.  106. 

with  india-rubber  hose,  is  placed  at  a  convenient  distance  above  the 
tray,  by  which  means  either  compartment  may  be  filled  at  pleasure. 
At  the  comer  ot  either  compartment  of  the  scouring  tray  is  a  flang^ 
exit  pipe,  let  into  the  bottom  at  the  tar  comer,  to  allow  the  tray  to  be 
emptied  when  required.  The  second  compartment  is  used  as  a  rinsing 
trough  The  exit  pipes  are  furnished  with  a  wooden  plug,  which  the 
workman  withdraws  when  he  desires  to  run  off  the  water  from  either 
compartment.  A  wooden  shelf  is  generally  fixed  at  a  convenient  dis- 
tance above  the  back  of  the  scouring  tray,  to  hold  various  brushes, 
pumice-box,  or  other  tools  required  in  preparing  work  for  the  bath. 
and  Oopp«r  Work.— The  articles  are  first  suspended,  by 
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means  of  short  lengihs  of  copper  wire,  in  the  hot  potash  bath,  whera 
they  are  allowed  to  remain  until  ready  for  scouring.  The  **  slinging 
wires"  for  this  purpose,  as  also  for  suspending  the  articles  in  the 
nickel  hath,  should  be  of  various  thicknesses,  according  to  the  weight 
they  have  to  sustain,  and  it  is  a  good  plan  to  keep  bundles  of  these 
wires,  cut  up  into  regular  leng^ths,  bound  togeth'er  by  a  piece  of  the 
same  wire,  so  that  they  may  be  readily  withdrawn  as  required.  The 
articles  being  taken  out  of  the  potash  bath,  one  by  one,  or  a  few  at  a 
time,  according  to  their  size,  are  at  once  plunged  into  the  water  in 
either  compartment  of  the  scouring  tray.  They  are  next  subjected  to 
the  operation  of  Kouring. 

Scouring. — ^This  usually  consists  in  well  brushing  the  work  with 
finely  powdered  pumice  and  water,  by  means  of  hog-hair  brushes. 
Some  platers  prefer  a  mixture  of  pumice  and  rottenstone  for  brass 
work,  as  being  rather  less  cutting,  and  therefore  less  liable  to  scratch 
the  work  so  severely  as  the  pumice  and  water  alone.  The  author's 
son,  Mr.  A.  N.  Watt,  has  succeeded  well  in  employing  ordinary 
whiting  in  scouring  brass  and  copper  work,  which,  while  suffi- 
ciently cleaning  the  articles,  enables  them  to  come  out  of  the  nickel 
bath  in  a  much  brighter  condition  than  when  pumice  is  used,  and  as  a 
natural  consequence  the  work  requires  less  time  and  trouble  in  finish- 
ing. We  believe  that  recentiy  slaked  lime,  either  alone  or  mixed 
with  whiting,  would  be  better  still,  were  it  not  for  the  fact  that  the 
caustic  lime  would  be  iajurious  to  the  hands  of  the  workmen. 

In  scouring  the  work  it  is  placed  on  the  shelf  across  the  scouring 
tray  ;  the  brush  is  then  dipped  in  water  and  afterwards  in  the  powdered 
pumice,  or  other  material — which  is  kept  in  a  wooden  box  upon  the 
back  shelf  —and  the  article  is  well  brushed  all  over,  beginning  at  one 
end,  and  then  turning  the  article  round  to  brush  the  other  ;  a  final 
brushing  is  then  given  all  over,  as  quickly  as  possible,  so  as  to  render 
the  surface  uniform.  As  each  article  is  brushed  it  is  rinsed  in  clean 
water,  the  sling^g  wire  is  then  attached,  and  the  article  next  dipped, 
for  an  instant,  in  the  cyanide  dip,  again  well  rinsed,  and  immediately 
after  suspended  in  the  nickel  bath,  where  it  is  allowed  to  remain  from 
four  to  eight  hours,  according  to  whether  the  work  is  to  be  moderately 
or  thoroughly  coated  with  nickel. 

As  we  have  before  observed,  all  work  which  is  to  be  bright  when 
finished  must  be  polished  before  being  nickel-plated.  If,  however,  it 
were  to  be  immersed  in  the  nickel  bath  without  any  further  preparation 
(unless  a  verg  slight  coating  of  nickel  were  gfiven),  even  if  perfectiy  free 
from  greasy  matter  and  oxide  upon  its  surface,  the  nickel  would  surely 
strip  or  peel  off.  Hence  the  operation  of  scouring  is  adopted — ^not 
alone  to  render  the  surface  of  the  metal  absolutely  clean,  but  to  give  it 
an  almost  imaginary  degree  of  roughness.    It  is  a  fact  well  known  to 


3X3  ELEGTRO-DEFOSmON   OF   NICKEL. 

electro-depositors  that  when  a  surface  of  metal  is  perfectly  bright  any 
other  metal  deposited  upon  it  will  readily  separate.  The  surface  may 
be  all  but  brighty  and  the  two  metals  will  adhere  more  or  less  firmly ; 
but  if  it  is  absolutely  brighty  the  metals  have  little  or  no  cohesion.  In 
scouring,  therefore,  great  care  must  be  taken  that  the  application  of 
the  brush  and  pumice  has  been  perfectly  imiform  all  oyer  the  work, 
and  that  the  bright  lustre  given  to  it  by  the  polisher  has  been 
thoroughly  removed.  To  produce  this  result,  the  work  does  not 
entail  laborious  scrubbing y  but  is  accomplished  by  a  brisk  brushing, 
taking  care  to  keep  the  brush  well  charged  with  tiie  pumice.  We  have 
seen  men,  improperly  instructed  in  this  respect,  who  have  first  dipped 
the  brush  in  water,  then  in  the  pumice  powder,  and  finally  in  the 
water  again,  before  applying  it  to  the  work,  whereby  they  actually 
washed  away  the  material  before  the  brush  was  applied !  Again,  it  is 
a  common  error  to  dip  the  brush  in  the  pumice  before  shaking  the 
superfluous  water  from  it,  which  not  only  causes  the  powder  to 
become  deluged  with  water,  and  a  considerable  portion  of  it  to  be 
wasted,  but  in  this  extremely  wet  condition  it  has  little  effect  upon 
the  surface  to  be  cleaned.  The  brush  should  only  be  moist  when 
dipped  in  the  powder,  in  which  state  it  will  take  up  sufficient  material 
to  spread  over  a  considerable  surface,  and  will  then  do  its  required 
work  effectually,  with  very  little  waste.  Some  scourers  are  very 
wasteful  in  this  respect,  and  as  a  rule  their  work  is  neyer  properly 
deaned,  or  pumiced.  The  brushes  employed  in  scouring  are  made 
from  hog  bristles,  and  are  supplied,  for  the  general  purposes  of  the 
plater,  of  various  widths,  and  are  known  as  one-rowed,  two-rowed, 
three-rowed,  and  four-rowed  brushes,  each  terminating  in  a  suitable 
handle  (see  Fig.  94).  The  brushes,  in  their  separate  sizes,  may  belaid 
upon  the  shelf  behind  the  scouring  tray,  so  as  to  be  ready  to  hand 
when  required  for  use,  and  they  should  on  no  account  be  used  for  any 
other  purpose  than  scouring  the  work.  New  brushes  may  be  dipped 
for  an  instant  in  the  potash  bath,  and  immediately  rinsed,  by  which 
any  greasy  matter  communicated  to  the'  hairs  or  bristles  during  the 
manufacture  will  be  rendered  soluble,  and  will  afterwards  wear  away 
in  use.  This  precaution  is  not  altogether  unnecessary,  since  these 
brushes  have  frequently  been  used  by  workmen  for  brushing  their 
dothes,  and  sometimes  even  their  hair. 

Immersing  the  Work  in  the  Bath. — When  we  bear  in  mind  that  the 
nickel  anodes  have  a  stationary  or  fixed  position  in  the  bath,  and  that 
consequently  a  very  large  surface  of  the  positive  electrode  is  exposed, 
it  will  be  at  once  apparent  that  some  means  must  be  adopted,  when 
the  first  batch  of  articles  are  being  placed  in  the  bath,  to  prevent  the 
deposit  from  taking  place  too  rapidly  (owing  to  the  excess  of  anode 
surface),  and  thereby  causing  tiie  work  to  **  bum,"  as  it  is  called. 
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When  dynamo  or  ma^eto -electric  machines  are  employed,  reaiatanee 
coils  are  used  to  regulate  or  control  the  force  of  the  current,  as  we  shall 
explain  hereafter ;  but  although  such  coils  are  less  necessary  when 
depositing  by  battery  power,  some  other  equally  effective  means  must 
be  adopted.  The  most  simple  plan  is  to  hook  one  of  the  anodes  on  the 
negative  conducting  rod,  at  its  farthest  end  from  the  battery,  and 
there  to  leave  it  until  the  rod  is  nearly  supplied  with  work,  when  it 
may  be  removed  and  put  in  its  proper  place  on  the  positive  rod.  By 
adopting  this  practice  with  each  suspending  rod  in  turn  the  "  buxn- 
infiT ''  of  the  work  is  prevented,  and  depotdtion  takes  place  gradually. 

When  work  of  moderate  dimensions — as  brass  taps,  for  example — and 
very  small  articles  are  in  hand  for  nickeUng,  the  larger  work  should 
be  put  into  the  bath  first,  and  the  smaller  work 
then  introduced  between  other  pieces  of  larger  work. 
It  is  also  usual  to  commence  suspending  the  work 
from  the  end  of  the  rod  nearest  the  battery  (where 
the  power  is  weakest)  rather  than  from  the  opposite 
end.  Small  articles — such  as  screws,  for  example 
— should  not  be  slung  singly,  but  several  of  them 
suspended  from  the  same  wire,  as  in  Fig.  107,  in 
such  a  way  as  not  to  be  in  contact  with  each  other. 

Mlek«Uiis  Bmmri  StMl  ArtielM.*— This  class  of 
work,  after  deaniug,  immersion  in  the  acid  dip,  and  Fig.  107. 
rinsing,  should  be  suspended  in  the  bath,  ii  prac- 
ticable, between  other  articles  of  larger  dimensions,  so  that  depo- 
sition may  take  place  slowly  and  gradually;  otherwise  the  articles 
are  very  liable  to  strip.  This  precaution  is  specially  necessary  in 
nickeling  small  dentists'  tools,  as  excavators,  &c.,  which,  when  ex- 
posed to  too  strong  a  current,  are  apt  to  bum  at  the  lower  end  and 
strip.  In  nickeling  such  work  the  rule  is,  after  the  article  has  be- 
come **  struck  "  (that  is,  coated  all  over),  to  allow  the  deposit  to  take 
place  very  slowly,  especially  during  the  first  half -hour's  immersion. 
When  battery  power  is  used,  from  one  to  two  hours*  immersion  will 
be  sufficient  for  a  serviceable  coating  upon  the  smaller  dental  tools,  but 
a  somewhat  longer  period — ^say,  up  to  three  hours — should  be  given  to 
dental  forceps.  When  a  dynamo-machine  is  employed,  about  half  this 
time  will  be  sufficient.  It  is  very  important  that  steel  work  shoiild  be 
placed  in  the  bath  immediately  after  being  cleaned,  since  even  a  few 
moments'  exposure  to  the  air  or  immersion  in  water  will  cause  an 
invisible  film  of  oxide  to  form  on  the  surface,  which  will  prevent  the 
nickel  from  firmly  adhering  to  the  steel.  After  nickeling,  the  articles 
are  rinsed  in  hot  water  and  handed  to  the  finisher,  who  gives  them  the 


*  See  also  pp.  461  et  seq. 
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necessary  high  polish.  Small  steel  or  iron  articles  which  are  not 
required  to  receive  a  stout  coating  of  nickel  are  first  steeped  for  & 
short  time  in  the  potash  bath,  and  after  being  rinsed  are  dipped  for  a 
moment  in  the  hydrochloric  acid  dip,  ag^ain  rinsed,  and  put  into  the 
nickeling  bath,  without  any  preparatory  scouring,  and  given  a  short 
immersion  only — say,  half -an -hour.  Such  work  is  generally  finished 
by  being  dollied  only,  which  brings  up  the  surface  to  its  proper 
brightness. 

llljikrting  flmaU  Braas  and  Oopptr  Artlelts. — ^When  these  have 
to  receive  a  good  coating  and  afterwards  to  be  finished  bright,  they 
must  be  scoured  after  polishing,  and  treated  in  all  respects  the  same 
as  larger  work.  Articles  which  are  not  required  to  be  stoutly  mckded, 
however,  but  only  moderately  well  coated  with  this  metal,  may  be 
polished  with  the  rouge  composition  referred  to  in  another  chapter, 
instead  of  with  lime  in  the  usual  way,  and  then  placed  in  the  bath 
without  previous  scouring.  When  they  have  received  a  moderate  coat- 
ing of  nickel  they  are  rinsed  in  hot  water,  and  afterwards  finished 
with  the  mop,  or  dolly,  with  the  aid  of  the  same  composition.  This 
method  of  treating  small  brass  work — ^whioh  we  believe  is  of  American 
orig^ — is  especially  suitable  for  umbrella  mounts,  reticule  and  purse 
frames,  cheap  fancy  work,  and  such  articles  as  are  not  liable  to  much 
friction  in  use.  Small  brass  articles  which  are  not  required  to  be 
bright  are  first  put  into  the  potash  bath  for  a  short  time,  and  after 
rinsing  they  are  dipped  in  ordinary  dipping  acid,  again  well  rinsed 
in  several  waters,  and  then  put  into  the  nickel  bath,  in  which  they 
receive  a  deposit  according  to  the  nature  and  quality  of  the  work  and 
the  price  to  be  paid  for  it,  a  short  immersion,  in  many  oases,  being  all 
that  is  given  when  the  price  is  low. 

HlolfHng  toy  Hjnuuiio-ctoetrielty. — Although  a  very  consider- 
able amount  of  work  of  all  kinds  is  coated  with  nickel  by  battery 
current,  by  far  the  greater  portion  passes  through  the  hands  of  those 
who  adopt  dynamo  or  magneto-electric  machines  as  the  source  of 
electricity.  Lideed,  if  it  were  not  for  the  gfreat  advantages  which  these 
machines  present  in  the  deposition  of  this  metal,  the  art  of  nickel- 
plating  would  never  have  attained  its  present  magnitude.  In  arrang- 
ing a  nickeling  plant  upon  a  large  scale,  the  baths  should  be  placed 
parallel  to  each  other,  having  sufBcient  space  between  each  vat  for 
the  free  passage  of  the  workmen  ;  and  the  dynamo-machine  should  be 
stationed  conveniently  near  the  vats,  so  as  to  be  under  the  immediate 
control  of  the  plater.  The  conducting  wires  should  be  so  arranged 
that  the  current  may  be  applied  to  one  or  more  of  the  baths,  as 
occasion  may  require,  and  this  may  be  most  conveniently  effected  by 
fixing  two  stout  brass  or  copper  rods,  by  means  of  insulating  brackets, 
to  the  wall  of  the  apartment  nearest  the  nickel  tanks ;  these  leading 
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wiTM  or  condudJng  rods  mustihavo  attaohed  to  them  a  Beriee  of  binding 
screws,  correspouding  in  number  ta  tho  connecting'  screws  of  the 
suspending  rods.  A  large  form  of  nickel  tank,  capable  of  holding 
from  130  to  50a  gallons  of  BolutJon,  is  shown  in  Fig.  109.  To  couneoC 
the  machine  with  the  leading  rods  stout  copper  wire  is  used,  die 
thickness  of  which  is  regulated  according  to  the  power  of  the  machine. 
For  a  medinm-sized  Weston,  half-inch  copper  vire  ia  generally  used, 
but  for  larger  machines  the  wire  emplojed  is  usually  three-fourths  to 
one  inch  in  thickness.  To  convey  the  current  from  the  leading  rods  to 
the  baths,  the  wire  need  not  be  so  stout  as  in  the  former  case,  about  one- 
haJf  the  thickness  being  aufflcient.  To  give  motion  to  the  machine 
a  couater-ehaft  is  usually  flied  overhead,  with  its  driving  puU^ 
immediately  in  a  line  with  the  pulley  of  the  machine,  the  two  being 
connected  by  a  belt  in  the  usual  way.    The  coimter-ahaft,  an  im- 
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proved  form  of  which  has  been  introduced  by  Carlyle,  ia  shown  in  Rg. 
I  to,  is  furnished  with  a  long  iron  handle  within  reach ,  by  the  raising 
or  lowering  ot  which  the  belt  in  placed  on  the  fast  or  loose  pulley  of  the 
shaft,  according  to  whether  the  machine  is  required  to  run  or  stop. 
To  regulate  the  amount  of  current  entering  the  respeotive  baths,  a 
resistance  coil  is  either  attached  to  the  end  of  each  bath  or  fastened 
to  the  wall  facing  the  end  of  each  vat,  and  thene  coils  are  int^posed 
in  the  circuit  by  means  of  short  conducting  wires.    (See  Fig.  108.) 

In  working  large  tanks  of  nicket  Bolution  for  coating  articles  of 
moderate  size,  as  taps,  spurs,  bits,  table  lamps,  &c.,  three  rows  of 
anodes  are  generally  used,  which  are  thus  disposed :  one  row  of  anodea 
is  suspended  from  a  conducting  rod  on  each  side  of  the  tank,  and  the 
third  row  is  placed  in  the  centre  of  the  bath,  midway  between  the 
other  two.  Two  rods  tor  supporting  the  work  to  be  nickeled  are 
pUced  between  the  fide  and  centre  rows  of  anodes,  by  which  atlBngo- 
ment  the  Buspi^ded  artirlcs  will  be  exposed  to  the  action  of  two  anode 
surfaces.   The  three  anode  rods  miiKt  be  united  at  their  ends  by  means 
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of  tMok  copper  wire,  in  nhich  case  one  binding  screw  only,  attached 

to  the  end  of  one  of  the  Bide  tmU,  nill  be  necessary  to  connect  tho 

anodee  with  the  podtiTe  le&ding:  wire  of  the  machine ;  or  a  separate 

^^_^__^^________^_^^__  binding   screw   may  be 

connected  to  the  end  of 
■  each  Tod,  and  the  con- 
neetioD  with  the  leading 
roda  completed  witli 
short  lengths  of  stout 
wire.  The  latter  plan 
is  the  boat,  since  on< 
or  more  rows  of  anodes 
can  be  more  readily 
thrown  out  of  circnit 
from  the  binding  sorew  at 

I   Wannasa,   Jtc— Large 

&B  beer  and  wine  mullers, 
it  of  BUrface  they  present, 
e  a  different  arrangement 
iopted  for  ordinary  work, 
mown  that  all  metals  re- 
on  the  enifaoes  facing  the 
,  silvering,  and  coppering 
'ate  extent  upon  those  aur- 
directly  face  the  anode,  in 
ferent,  ft»  under  the  same 
lid  take  place  at  the  oppo- 
an  anode  wexe  suspended 
.rrangament  we   have  de- 
scribed.    Since  mnllerH,  and  articles  of  the  class  to  which  thoy  belong, 
prcoant  an  extensive  convex  enrfaoe,  it  is  neceesary,  in  order  to  secure 
a  uniform  coating  of  nickel,  to  turmund  snch  work  witb  anodee  as  far 
as  is  practicable.    This  is  ordinarily  done  in  the  following  manner : — 
The  centre  row  of  anodes  is  first  removed  ;  two  short  brass  rods  are 
thm  placed  across  the  other  positive  rods,  about  2  feet  apart,  and  upon 
each  of  these  is  suspended  one  or  more  anodes,  according  to  their  width. 
The  centre  conducting  rod.  lately  occupied  by  the  anodes,  is  now  used 
as  the  suspending  rod  for  the  muller.  Where  more  than  one  nickel  batb 
is  employed,  it  is  best  to  keep  one  of  these  speoially  for  mullers  and 
other  large  work,  in  which  case  two  rows  of  anodes  only  and  one 
centre  negative  rod,  should  be  applied.    The  bath  ua  xl  for  nickeling 
mullers  should  be  kept  covered  with  a  frame,  upon  which  oiled  calico  is 
Btretehed,  to  protect  tliewoik  from  dust    The  drawing  (Fig.  iit) 
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shows  the  relative  position  of  the  muUer  and  the  suTroiinding  anodee. 
When  the  article  has  been  in  the  bath  some  time,  its  position  must  be 
reversed — ^that  is  to  say  it  must  be  inverted — so  as  to  equalise  the  coat- 
ing as  far  as  possible,  since  the  deposit  always  occurs  most  energetic- 
ally at  the  lower  surface  of  the  article  in  the  solution.  In  a  loo-gallon 
bath  only  a  single  mullet,  or  similar  article,  could  be  nickeled  at  one 
time ;  in  other  words,  it  should  have  the  whole  bath  to  itself.  When 
dynamo-machines  are  employed,  however,  the  baths  seldom  consist  of 
less  than  250  gallons  of  solution. 

In  nickeling  the  above  class  of  work  gfreat  care  and  smartness  of 
manipulation  are  necessary.  The  work  requires  to  be  well  and  briskly 
btushed  with  pumice  after  removal  from  the  potash  bath,  and  after 
being  rinsed  is  passed  through  the  cyanide  dip  for  a  moment,  and 
again  well  rinsed,  and  no  time  should  now  be  lost  in  getting  it  into 
the  nickel  bath,  and  connecting  it  to  the  conducting  rod.  Soon  after 
immersion  the  characteristic  whiteness  of  the  nickel  should  be  visible 
upon  its  surface,  as  evidence  that  cur- 
rent is  sufficiently  strong  to  do  the  work 
required  of  it.  Such  being  the  case,  the 
article  must  be  left  for  awhile,  after 
which  it  may  be  gently  moved  up  and 
down  by  its  aling^g  wires  (but  not  out 
of  the  solution)  to  disperse  any  dusty 
particles  that  may  have  settled  upon 
jij„  ^  its  upper  surface,  since  these,  how- 
ever slight  and  imperceptible,  will 
sometimes  cause  a  rough  and  irregular  deposit,  which  wiU  g^ve  some 
trouble  to  the  polisher  when  finishing  the  article.  When  plating 
work  of  this  description  in  a  bath  which  has  been  long  in  use,  the 
anodes  should  be  arranged  as  described  some  time  before  a  muller  is 
placed  in  the  bath,  so  that  the  sediment  (which  always  accumulates 
at  the  bottom  of  the  vessel),  if  disturbed,  may  have  time  to  subside ; 
and  in  placing  the  article  in  the  bath  care  should  be  taken  to  lower  it 
gfently,  so  as  not  to  disturb  the  '*  mud,'*  if  we  may  call  it  so,  at  the 
bottom.  The  opposite  of  this  careful  treatment  needs  only  to  be  tried 
once  to  make  the  plater  exceedingly  particular  thereafter. 

However  careful  the  operator  may  be,  it  sometimes  happens  that 
certain  parts  of  the  article  will  become  bare,  or  *<  out  through,"  as  it 
is  termed,  during  the  process  of  finishing,  in  which  case  it  is  sent  back 
from  the  polishing-room  to  the  plater,  who  must  in  some  way  deposit 
nickel  upon  the  exposed  surface.  This  is  accomplished  by  applying 
the  '*  doctor,"  by  which  means  a  coating  of  metal  is  deposited  upon 
the  naked  spot  in  the  following  way  :  a  piece  of  stout  copper  wire, 
about  a  foot  in  length,  is  bent  in  the  form  of  a  hook  at  each  end ;  a 
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small  piece  of  nickel,  about  an  inoli  and  a  half  square,  is  attached  to 
one  of  the  hooks,  and  this  is  wrapped  up  in  several  folds  of  rag,  secured 
to  the  wire  by  twine.  The  other  hook  is  connected  by  a  long  copper 
wire  to  the  anode  rod,  and  the  article  to  be  doctored  connected  in  the 
same  way  to  the  negative  rod.  Now  dip  the  rag-end  of  the  wire  in  the 
nickel  bath,  and  apply  it  to  the  bare  spot  (which  should  be  previously 
brushed  over  lightly  with  pumice),  keeping  it  in  contact  for  a  few 
seconds,  then  dip  it  in  the  bath  again  and  apply  as  before,  repeating 
the  operation  every  half -minute  or  so,  until  a  sufficient  deposit  of  nickel 
has  been  given  to  the  spot  to  enable  the  finisher  to  apply  the  *'  dolly,'* 
and  thus  render  this  part  as  bright  as  the  rest  of  the  article.  Although 
this  may  not  be  considered  a  very  conscientious  method  of  getting 
over  the  difficulty,  unless  performed  with  patience,  so  as  to  impart 
something  more  than  a  mere  film  upon  the  bare  place,  it  must  be  borne 
in  mind  that  if  the  entire  article  were  to  be  re-nickeled  this  would 
involve  an  amount  of  trouble  and  expense  of  labour  which  would  never 
be  compensated  for.  The  'Moctoring,"  however,  should  always  be 
done  welly  and  since  the  articles  to  which  it  is  usually  applied  are 
rarely  subjected  to  such  friction  as  would  affect  so  hard  a  metal  as 
nickel,  the  defective  portion  of  the  work  may  cause  little  or  no  annoy- 
ance to  the  owner. 

mdMUiiff  Bar  nttliissy  Sanitary  Work,  *g. — ^Articles  of  this 
description  require  to  be  thoroughly  well  coated  with  nickel,  and  finished 
in  the  best  possible  manner.  Before  submitting  such  work  to  any 
preparatory  process,  the  plater  should  carefully  examine  each  piece  to 
ascertain  if  it  has  been  properly  polished  and  all  scratches  and  file 
marks  obliterated,  since  if  any  of  these  be  present  after  the  article  is 
nickeled  and  finished  they  will  g^atly  impair  the  appearance  of  the 
work,  while  the  finisher  will  be  quite  powerless  to  remove  them 
without  cutting  through  the  nickel  deposit.  A  careful  examination 
of  all  work  should  be  made  by  the  plater  before  allowing  it  to  enter 
the  potash  bath,  and  since  in  most  establishments  the  polishing  and 
finishing  are  done  on  the  establishment,  a  proper  understanding  should 
exist  between  the  finisher  and  plater  as  to  the  absolute  necessity  of 
having  the  work  finished  in  the  best  possible  manner.  The  articles, 
after  being  approved  by  the  plater,  are  handed  to  the  scourer,  who  con- 
nects a  stout  copper  wire  to  each  piece,  and  slingv  them  to  the  suspend- 
ing rod  of  the  potash  bath  ;  after  a  short  time  these  are  removed,  one 
or  more  at  a  time,  according  to  their  size,  and  after  rinsing  are  taken 
to  the  scouring  tray,  where  they  are  well  brushed  with  pumice,  then  weU 
rinsed  in  the  water-trough  of  the  scouring  tray,  and  dipped  for  a 
moment  in  the  cyanide  dip.  After  being  again  well  rinsed  thev  are 
promptly  suspended  in  the  nickel  bath.  The  articles  should  be 
thoroughly  rinsed  after  being  in  the  cyanide  dip  to  prevent  the  intro- 


320 


EJLECTBO  1>EP0SITI0N   OF    NICKEL. 


duction  of  this  gnbstance  into  the  nickel  bath.  About  two  and  a  half 
hours*  immersion  in  the  bath,  when  a  dynamo-machine  is  used,  will  be 
sufficient  time  to  obtain  a  good  deposit.  It  may  be  well  to  remark  here, 
that  however  desirous  a  nickel-plater  may  be  to  give  a  good  thick 
coating  to  his  work,  there  is  a  limit,  as  far  as  nickel  is  concerned, 
which  must  on  no  account  be  exceeded  ;  otherwise  the  deposited  will 
strip  or  peel  ofP  the  work,  even  without  touching.  Indeed,  we  have 
known  the  nickel,  when  the  articles  have  been  too  long  in  the  bath,  to 
separate  from  the  work  and  curl  up  in  flakes,  while  a  second  deposit 
has  taken  place  upon  the  parts  thus  deprived  of  metal. 

If tcK»ltng  Iiong  Pl<!e—  of  IW'ork. — Hand-rails,  cornice  poles,  the 
framework  of  shop  fronts,  and  other  long  pieces  of  work,  require  to  be 
nickeled  in  a  bath  of  suitable  dimensions :  for  this  purpose  a  tank  of 
the  form  shown  in  Fig.  1 12  is  generally  used,  which  is  supplied  with 
a  series  of  short  anodes  to  suit  the  form  of  the  vessel.  Such  a 
tank  should  be  about  12  feet  long,  20  inches  deep,  and  about 
18  inches  wide.     Since  articles  of  this  character  do  not  very  fro- 
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quently  come  into  the  hand  of  the  plater,  it  is  unnecessary  to  employ 
special  dipping  baths  for  potash  and  cyanide  ;  the  hot  potash  liquor 
may  be  poured  over  the  article  from  a  jug,  beginning  at  one  end,  and 
continuing  Uie  operation  until  the  whole  surface  has  been  washed 
over  with  the  hot  liquor.  After  rinsing  and  scouring,  the  cyanide  dip 
may  be  applied,  quickly,  in  the  same  way.  The  article  must  now  be 
well  rinsed  and  got  into  the  bath  as  promptly  as  possible. 

l>«ad  Work. — Ships*  deck  lamps,  and  many  other  classes  of  work, 
which  are  not  required  to  be  polished,  but  left  dead — that  is,  just  as  they 
come  out  of  the  nickel  bath — are  potashed,  as  usual,  and  after  scour- 
ing and  rinsing  placed  in  the  bath  and  allowed  to  remain  until  suffi- 
ciently coated.  Since  work  of  this  kind  should  look  as  white  as 
deposited  nickel  is  capable  of  becoming,  it  is  necessary,  more 
especially  during  the  last  few  minutes'  immersion,  to  employ  a 
strong  current.  When  the  articles  are  sufficiently  coated  they  must 
be  taken  out  of  the  bath,  one  at  a  time,  and  at  once  plunged  into 
perfectly  clean  hot  water  for  a  few  moments,  and  then  placed  aside  to 
dry  spontaneously.  Since  dead  nickel  is  very  readily  stained  or  soiled 
even  when  touched  with  clean  hands,  the  work  should  be  handled  as 
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little  iM  powble  before  being'  sent  home  to  the  customer.  We  havo 
known  iustancea  in  vhich  dead  nickel  work,  Thich  from  its  silvery 
whiteneu  was  pleaaiiie:  to  behold  after  remoTal  from  the  bath,  looked 
dirty  and  patchy  before  delivery  to  the  cuatomer,  merely  through  the 
careless  fingering  to  which  it  had  been  subjected  by  the  warehouse- 
man and  others. 

WlckdlBc  mtaw*  Bronte,  *«. — These  are  usually  nickeled  in  a  vat 
spooially  constructed  for  the  purpose,  the  fonn  of  which  is  shown  in 
Fig.  1 1  J.  It  oonmsts  of  a  wooden  vessel  about  5  feet  deep,  4  feet 
long,  and  about  iS  inches  wide,  held 
together  by  bolts  and  screws,  and  is 
sometimes  lined  with  pitch  owing  to  the 
difficulty  of  lining  such  a  vessel  witb 
lead.  The  anodes  should  be  at  least 
30  inches  long,  and  since  only  the  fronts 
of  stoves  require  to  receive  the  coating 
of  nickel,  a  single  row  of  anodes  only  ii 
necessary.  This  class  of  work  is  usually 
sent  to  the  plating  works  in  a  polished 
state — that  is,  auch  parts  as  are  to  be 
bright  are  pnt  in  this  condition  by  the 
manufactuiers.  To  prepare  the  front 
tor  plating,  it  is  first  put  into  the  potash 
bath  as  usual,  and  after  a  short  immeniion  ^>S'  "3- 

is  well  rinsed  and  scoured  with  pumice  ; 

it  is  next  dipped  in  the  hydrochloric  add  dipping  bath,  again  rinsed, 
and  then  put  into  the  nickel  vat  with  all  poxnililc  de>-patch.  After 
about  two  to  three  hours'  immersion,  the  article  is  steeped  in  hot 
water,  and  when  dry  is  handed  to  the  finisher.  Large  pieces  of  orna- 
mental iron  work  which  have  to  be  left  dead  may  be  also  nickeled  in 
the  "stove  bath." 

Hlekalinc  Bteyel**,  Jtc — When  this  class  of  work  in  sent  to  the 
plater  in  parts,  these  may  be  nickeled  in  the  ordinary  bath  with  the 
exception  of  the  rim  of  the  wheel,  and  all  parts  must  be  polished  and 
treated  in  the  same  way  as  other  steel  work.  A  convenient  method 
of  suspending  bicycle  spokes  in  the  bath  is  shown  in  Fig.  1 14.  The 
copper  alinging  wire  is  simply  coiled  into  a  series  of  equidistant 
loops,  through  which  the  wires  of  the  spokes  pass  freely,  and  when 
a  sufBcient  number  have  been  wi'cd  in  this  way  the  two  ends  of 
the  slinging  wire  are  pulled  with  both  hands,  t^  which  the  loops  becomt 
tightened  and  the  spokes  held  firmly.  They  are  then  lowered  into  the 
hnlh  and  suspended  from  Qie  negative  rod  as  shown  in  the  engraving. 
After  a  short  immersion,  each  spoke  is  shifted  a  little,  so  as  to  allow 
the  wire  mark  to  be  coated,  and  this  operation  is  repeated  several 
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times  during  their  immersion  in  the  bath,  so  that  the  ooating  may  be 
as  regular  tia  possible.  With  a  dynamo-machine  a  sufficient  coating 
will  be  obtained  in  about  an  hour  and  a  half.  In  nickeling  the  back- 
bone and  fork  of  a  bicycle,  and  the  larger  parts  of  tricydee,  these 
pieces  should  be  frequently  shifted  in  the  bath  to  ensure  uniformily 
of  deposit,  for  it  must  be  borne  in  mind  that  from  the  peculi^* 
curved  form  of  the  backbone,  for  example,  the  parts  farthest  from 

the  anodes  will  receive  the  least  de- 
-^  posit.  In  cases  where  the  bath  is  not 
large  enough  to  take  in  the  entire  rim 
of  a  large  bicycle  wheel,  it  is  usual  to 
nickel  one-half  at  a  time ;  when  this 
has  to  be  resorted  to,  great  care  must 
be  taken  to  well  clean  the  line  where 
the  deposited  metal  and  the  bare  steel 
meet,  otherwise,  when  depositing  upon 
the  second  or  third  portion  of  the  jrim. 
Pig  J  j^  the  nickel  will  strip  at  the  junction  of 

the  separate  deposits.  In  each  case,  a 
portion  of  the  nickeled  part  should  be  immersed  in  the  bath  with  the 
uncoated  surface.  When  finishing  the  rim  the  polisher  should  be  par- 
ticularly careful  with  these  junctions  of  the  separate  deposits,  otherwise 
he  may  readily  cut  through  the  nickel  and  expose  the  underlying 
metal.  In  establishments  where  the  nickeling  of  bicycles  forms  a 
special  branch  of  the  business,  baths  of  suitable  dimensions  are  em- 
ployed for  depositing  nickel  upon  the  larger  pieces  of  bicycle  and 
tricycle  work. 

Wiokullng  Bdoond-toand  Bleydes. — Some  few  years  agt),  when 
nickel-plated  bicycles  first  appeared  in  the  market,  the  whole  bicycle 
fraternity,  who  had  been  accustomed  to  plain  steel  or  painted  wheelen-., 
looked  with  admiration,  if  not  with  envy,  upon  those  who  appeared 
amongst  them  upon  their  brilliant  and  elegant  nickel-plat'cd  roadstern. 
At  the  time  we  speak  of  there  was  a  rush  of  bicyclists  at  the  various 
nickel-plating  works,  and  anxious  inquiries  were  made  as  to  the  possi- 
bility of  nickeling  bicycles  which  had  become  hideously  rusty  from 
neglect,  or  even  those  which  had  been  more  carefully  treated .  Gould  not 
a  bicycle  be  popped  in  the  solution,  or  whatever  it  was,  and  covered 
with  the  stuff,  so  as  to  come  out  bright  like  those  in  the  shop  win- 
dows? Questions  such  as  these  were  asked,  even  with  apparent 
seriousness.  One  firm,  after  consulting  the  foreman,  determined  to 
undertake  the  task  of  nickeling  one  of  these  second-hand  bicycles,  and 
after  a  good  deal  of  trouble — since  it  was  probably  the  first  time  such 
a  thing  had  been  att<»mpted — the  task  was  accomplished  with  consider- 
able success,  and  the  owner  cheerfully  paid  the  cost  of  its  transniutii^ 
tlon,  three  pounds  ten  shilliugs — a  price  that  in  these  days  of  Itrisk 
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competition  would  scarcely  be  thought  of.  Since  ihe  period  leferred 
to,  the  nickeling  of  bicycles  has  become  an  ordinary  matter  of  detail  in 
most  nickel-plating  works. 

In  preparing  a  bicycle  for  nickeling,  the  principal  parts  must  first 
be  taken  asunder.    The  head  nut  is  first  unscrewed  to  liberate  the 
backbone ;  the  bolt  which  runs  through  the  fork  of  the  backbone 
must  next  be  removed,  by  which  the  small  wheel  becomes  dislodged ; 
the  bolt  is  next  withdrawn  from  the  hub  of  the  large  wheel,  which 
liberates  the  fork ;  the  spring  is  next  disconnected  by  removing  the 
screws  at  the  head  and  back  of  the  spring.    All  these  parts,  with  the 
exception  of  the  wheels,  must  pass  through  the  hands  of  the  polisher. 
It  is  not  usual  to  remove  the  spokes,  which  in  the  case  of  a  much-used 
machine  would  entail  considerable  risk,  since  much  difficulty  would 
occur  not  only  in  removing  but  in  replacing  them.     The  wheels  arc, 
therefore,  nickeled  entire,  but  before  doing  so  they  must  be  polished 
in  the  best  way  possible  by  hand,  since  it  would  not  only  be  dangerous, 
but  impracticable,  to  polish  them  at  the  lathe.    The  spokes  and  other 
parts  of  the  wheel  are  first  well  rubbed  with  emery-cloth  of  various 
degrees  of  fineness,  and  then  hand-buffed  with  chamois-leather,  first 
with  trent-sand,  and  afterwards  with  lime,  as  good  a  surface  as 
possible  being  produced  by  these  means.    The  wheels  and  other  parts, 
when  poliflhed,  are  placed  in  the  hot  potash  bath,  where  they  are 
allowed  to  remain  for  a  considerable  time  to  remove  the  large  amount 
of  grease  which  invariably  hangs  about  this  class  of  work.    To  assist 
in  the  removal  of  this,  the  pieces  are  brushed  over  while  in  the  potash 
tank ;  it  is  important  that  the  potash  liquor  be  in  an  active  condition — 
that  is,  rich  in  the  caustic  alkali — or  it  will  fail  to  kill  the  grease,  as  it 
is  termed,  or  convert  it  into  soap.    After  being  thus  cleansed  in  the 
potash  bath,  the  work  is  removed  piece  by  piece  and  rinsed,  after 
which  it  is  briskly  scoured,  and,  after  again  rinsing,  is  passed  through 
the  acid  dip  for  an  instant,  again  well  rinsed,  and  put  into  the  nickel 
tank.    When  all  parts  of  the  machine  are  nickeled  they  are  handed 
to  the  finisher,  who  *'  limes''  them ;  that  is,  the  backboDfi,  fork,  and 
other  pieces,  excepting  the  wheels,  are  polished  and  dollied  with 
Sheffield  lime  at  the  lathe.      The  wheels,  as  before,  are  finished 
with  lime,  applied,  by  means  of  chamois-leather,  by  hand.    The 
various  parts  are  then  readjusted,  the  machine  carefully  wiped  all 
over,  and  it  is  then  ready  for  the  customer.     Should  the  india-rubber 
tyre  come  off  the  wheel  after  being  in  the  nickel  bath,  it  may  be 
replaced  by  fusing  india-rubber  cement  upon  the  periphery  of  the 
wheel  by  heating  over  a  gas-burner.    While  the  cement  is  hot  the 
tyre  should  be  replaced  in  its  position. 

IflclinHng  Sword  Scabbards,  Ac. — It  not  unfrequently  occurs  that 
a  nickel-plater  receives  a  sword  and  sheath  with  instruction  to  nickel 
the  latter  only.    When  Huch  is  the  case,  the  sword  should  be  with- 
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drawn  and  placed  where  it  cannot  become  moistened  by  the  steam  from 
the  potash  tank  or  otherwise  injured.     To  prepare  the  scabbard  for 
plating,  the  thin  laths  of  wood  with  which  it  is  lined  must  first  be 
removed,  since  if  the  sheath  were  placed  in  the  nickel  bath  without 
doing  so,  these  pieces  of  wood,  by  absorbing  the  nickel  solution,  would 
become  so  completely  saturated  that  much  difficulty  would  afterwards 
occur  in  drying  them.    We  have  heard  of  instances  in  which  this 
precaution  has  not  been  observed,  and  as  a  consequence  the  sword, 
after  being  sheathed  for  some  time — probably  for  some  months — was 
not  only  thickly  coated  with  rust,  but  deeply  corroded,  owing  possibly 
to  voltaic  action  set  up  by  the  nickel  solution  absorbed  by  the  wooden 
lining ;  in  one  such  instance  the  sword  had  become  so  firmly  fixed  in 
the  scabbard,  through  the  oxidation  of  its  blade,  that  it  was  unsheathed 
with  great  difficulty,  and  when  at  last  withdrawn  it  was  thickly 
coated  with  rust.    The  strips  of  wood  referred  to  must,  therefore,  in 
all  cases  be  removed  before  the  sheath  is  immersed  in  either  of  the 
liquids  employed.   To  do  this,  remove  the  screw  which  unites  the  collar 
to  the  upper  part  of  the  sheath ;  remove  the  collar,  and  with  the  blade 
of  a  knife  loosen  the  strips  of  wood  and  withdraw  them  from  the 
sheath,  taking  care  to  remove  all  of  them.     The  two  parts  of  the 
sheath  and  the  screw  must  then  be  handed  to  the  polisher,  and  when 
returned  to  the  plating-shop  they  are  first  to  be  potashed,  and  after- 
wards scoured,  passed  through  the  acid  dip,  and  after  well  rinsing  put 
into  the  nickel  bath,  in  which  the  scabbard  should  be  slung  horizon- 
tally, so  as  to  get  as  uniform  a  deposit  as  possible.    The  collar  and 
screw,  slung  upon  separate  wires,  should  then  be  placed  in  the  bath, 
care  being  taken  that  the  latter  does  not  receive  too  heavy  a  coating, 
or  some  difficulty  may  arise  in  replacing  it.     To  avoid  this,  the  head 
of  the  screw  only  should  bo  put  into  the  bath.     To  prevent  the  nickel 
dei>osit  from  entering  the  screw-hole  of  the  scabbard,  a  small  plug  of 
wood  may  be  forced  into  the  hole  before  the  latter  is  put  into  the 
bath.     "V^Tien  the  several  part«  nre  sufficiently  c^oated,  whitjh  occupies 
about  two  hours,  they  are  removed  from  the  bath,  rinsed  in  hot 
water,  and  well  dried ;  they  are  then    sent    to    the   finisher,   after 
which  any  lime  that  may  have  got  into  the  screw-hole  must  be 
removed  with  a  brush ;  the  strips  of  wood  and  collar  are  then  re- 
adjusted, the  scabbard  carefully  wiped  with  a  chamois-leather,  and 
the  sword  replaced. 

HlokaUag  Hami»  Fnniltare,  Bits,  8pim,  Ac.— This  class  of 
work,  when  properly  nickeled,  may  be  considered  one  of  the  most  use- 
ful applications  of  the  nickel-plating  art,  but  unfortunately— as  is  also 
the  case  with  many  other  articles — a  good  deal  of  indifferent  nickel- 
ing, the  consequence,  in  a  great  measure,  of  unwholesome  competi- 
tion:, has  appeared  from  time  to  time,  which  has  had  the  effect  of 
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shaking  the  confidence  of  manufacturers  who  were  at  one  time  much 
disposed  to  encourage  this  branch  of  electro-deposition.  That  com- 
petition may  be  carried  too  far  is  evidenced  by  the  extremely  low 
prices  which  are  asked  for  nickeling  articles  at  the  present  time,  as 
compared  with,  say,  five  years  ag^ ;  in  many  instances  (if  the  work 
were  done  conscientiously)  below  the  fair  cost  of  polishing.  When  it 
is  borne  in  mind  that  bits,  spurs,  stirrups,  and  all  kinds  of  harness 
work  are  necessarily  subjected  to  severe  treatment  in  use,  and  that  to 
nickel -plate  such  articles  badly,  for  a  temporary  advantage,  has  a 
poKitive  tendency,  if  not  to  close  this  market  entirely  against  nickel- 
plating,  at  least  to  confine  it  solely  to  those  who  have  a  known  repu- 
tation for  doing  their  work  properly,  and  can  therefore  be  relied  upon. 
We  are  led  to  make  these  remarks,  m  passant,  because  we  have  an 
earnest  desire  that  nickcl-pkting  should  not  lose  its  character  for 
absolute  usefulness  for  the  temporary  advantages  of  competition.  We 
say  temporary  f  because  we  know  that  much  mischief  has  accrued  to  the 
art  generally  in  consequence  of  work  undertaken  at  prices  that  could 
not  yield  a  profit  being  so  badly  nickel-plated,  that  some  manufac- 
turers have  ceased  to  avail  themselves  of  this  branch  of  industry  except 
in  cases  of  absolute  necessity. 

In  nickeling  the  class  of  work  referred  to,  all  the  parts  which  are  to 
be  bright  when  finished  must,  as  in  all  other  cases,  be  previously  well 
polished.  Sometimes  the  articles  are  sent  from  the  manufactory  in  this 
condition,  but  when  such  is  not  the  case  the  pieces  must  be  first  handed 
to  the  polisher,  and  when  returned  to  the  plater  they  are  to  be 
potashed,  scoured,  and  passed  through  the  acid  dip,  and  rinsed  as  be- 
fore, and  then  placed  in  the  nickel  vat,  where  they  should  remain  (with 
an  occasional  shifting)  for  about  an  hour  and  a  half,  by  which  time,  with  a 
good  dynamo,  they  will  have  acquired  as  thick  a  coating  as  may  be  given 
without  fear  of  peeling.  After  removal  from  the  bath  and  rinsing  in 
hot  water,  the  articles  are  placed  in  the  finisher's  hands,  and  when 
finished,  the  lime  which  lodges  in  the  crevices  should  be  brushed  away 
and  the  articles  then  wiped  with  a  chamois-leather  and  wrapped  up. 
The  bru.shing  of  work  after  finishing  is  too  often  neglected,  and 
we  have  known  of  many  complaints  having  been  made  by  customers  of 
the  '' filthy  state''  in  which  nickel-plated  work  has  been  received, 
owing  to  tile  lime  falling  out  of  tubes  and  hollows  and  from  other 
parts  of  articles  when  they  have  been  unpacked  and  examined  on  the 
counter.  All  work,  after  lime-finishing,  should  be  well  brushed,  and 
wiped  with  a  leather ;  it  does  not  occupy  much  time,  and  should  be 
considered  a  necessary  detail  of  the  busiQess. 

melMUns  Cast-iron  VTotlL* — Articles  of  this  class — as  kilting 
machines,  for  example — are  first  potashed  in  the  usual  way,  and  after 
rinsing  they  are  immersed  in  a  pickle  composed  of  half -n  pound  of 
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milphuric  acid  to  each  gallon  of  water  used  to  make  up  the  bath.  In 
thifl  they  are  allowed  to  remain  for  about  half-an-hour,  when  they 
are  removed,  well  rinsed,  and  scoured :  for  this  purpose  the  author 
prefers  sand  to  pumice  powder,  from  the  fact  that  when  the  former  is 
used  the  articles  have  a  brighter  or  more  lustrous  appearance  when 
nickeled  than  if  pumice  be  employed,  besides  which  sand  is  cheaper.  It 
frequently  occurs,  in  oast-iron  work,  that  numerous  cavities,  or  *'  sand- 
holes,*'  of  greater  or  less  magnitude,  become  visible  after  pickling  and 
scouring  the  work,  and  since  the  nickel  will  probably  refuse  to  enter 
these  hollows — which  is  generally  the  case — ^it  may  be  advisable  in 
the  first  instance  to  give  the  article  a  coating  of  copper  in  an  alkaline 
coppering  bath,  by  which  these  cavities,  if  they  are  clean  after  sand- 
brushing,  will  become  oopx>ered  with  the  rest  of  the  article  and  the 
nickel  will  follow.  Sometimes,  however,  the  sand -holes  are  filled  with 
flux  or  oxide  of  iron,  in  which  case  the  former  must  be  picked  out  with 
a  hard  steel  point,  and  the  hollow  discoloured  by  oxide  of  iron  should 
be  scraped  out  with  a  small  steel  scraper.  This  being  done,  the 
article  must  be  again  sand-brushed  and  put  into  the  coppering  bath 
until  coated  all  over  with  a  slight  iilm  of  copper.  We  have  seen  large 
iron  castings  in  which  the  sand-holes  have  been  so  large  and  deep  that 
the  workmen  at  the  foundry  have  been  compelled  to  plug  them  with 
lead.  Such  defects  as  these  should  be  looked  for  by  the  plater,  and  if 
any  of  these  leaden  stoppings  appear  it  will  be  undoubtedly  advisable 
to  coat  the  article  with  copper  before  nickeling  it,  otherwise  the  nickel 
will  not  firmly  adhere  to  the  leaden  stoppings.  We  should  in  all 
cases  prefer  to  give  a  coating  of  copper  to  cast-iron  work  in  the  alka- 
line bath,  since  the  cast  metal  is  a  very  indifferent  conductor,  and  re- 
quires, when  not  coated  with  copper,  a  very  strong  current ;  indeed,  a 
few  tolerably  large  pieces  of  cast  iron  uncoppered  will  often  monopo- 
lise the  whole  of  the  current  from  a  dynamo -electric  machine,  and 
thereby  hinder  the  progress  of  the  other  work. 

lfick#Hng  Clialn  WotIl. — It  sometimes  happens  that  steel,  iron, 
and  brass  chains  of  considerable  length  are  required  to  be  nickeled,  in 

which  case  the  object  must  be 
treated  according  to  the  di- 
rections given  for  the  respective 
metals.  A  convenient  method 
of  slinging  a  chain  in  the  nickel 
bath  is  shown  in  Fig.  1 15.  A 
number  of  pieces  of  stout  cop- 
per wire,  of  uniform  length, 
Fig.  1 15.  ^yg  p^^  while  the  chain  is  beinjr 

scoured,  and  both  ends  of  the  wires  are  dipped  in  dipping  acid  for 
a  moment,  and  then  well  rinsed.    The  wirea  are  then  turned  up  into 
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the  form  of  a  liook  at  one  end,  and  when  the  chain  is  ready  for  nling- 
ing,  the  hoolu  are  passed  through  the  links  one  at  a  time  and  at  equal 
distances  apart,  each  portion  heing  lowered  into  the  bath  and  sus- 
pended by  bending  the  end  of  the  wire  over  the  conducting  rod,  as  in 
the  figure  ;  in  this  way  two  men  can  immerse  a  chain  of  considerable 
length  in  a  very  few  moments.  After  a  short  immersion,  each  hook 
may  be  shifted  one  Unk,  to  allow  the  wire  mark  to  be  nickeled,  or  the 
same  link  may  be  inverted,  as  preferred. 

Br»-Hlek«lliis  Old  Work. — When  goods  which  have  been  nickel- 
plated  require  to  be  re-nickeled,  it  is  always  better  to  first  remove  the 
old  coating  by  means  of  a  stripping  solution,  for  the  reason,  as  we  have 
before  remarked,  that  nickel  will  not  adhere  to  a  coating  of  the  sanio 
metal.     A  stripping  bath  for  nickel  may  be  composed  as  follows : — 

Oil  of  vitriol i6  pounds. 

Nitric  acid 4      m 

Water 2  quarts. 

Add  the  oil  of  vitriol  to  the  water  (not  the  reverse,  which  it  is  danger- 
ous to  do)  gradually,  and  when  the  mixture  has  cooled  down  add  the 
nitric  acid,  and  stir  the  mixture  with  a  glass  rod.  When  cold,  it  is 
ready  for  use.  The  articles  to  be  stripped  should  be  attached  to  a 
piece  of  stout  brass  or  copper  wire  and  placed  in  the  stripping  liquid, 
and  after  a  few  moments  they  should  be  lifted  by  the  wire  and 
examined.  If  the  articles  are  of  a  cheap  class  of  work,  the  small 
amount  of  nickel  upon  them  may  become  dissolved  off  in  less  than  half 
a  minute :  this  is  generally  the  case  with  American,  French,  and 
German  goods.  The  better  qualities  of  English  nickel-plating  will 
sometimes  occupy  many  minutes  before  the  whole  of  the  nickel  will 
oome  off.  This  great  difference  in  the  thickness  of  the  nickel-plating 
necessitates  much  caution  and  judgment  on  the  part  of  the  workman, 
for  if  he  were  to  treat  all  classes  of  work  alike,  the  metal  of  which  the 
thinly-coated  articles  are  made  would  become  severely  acted  upon  if 
left  in  the  stripping  bath  while  work  of  a  better  class  was  being  dc' 
nickeled,  as  we  may  term  it.  The  operation  of  stripping  should  be 
conducted  in  the  open  air,  or  in  a  iire-place  with  good  draught,  so 
that  the  acid  fumes  may  escape  through  the  chimney.  From  the 
moment  the  articles  are  immersed  in  the  stripping  bath  they  should  be 
constantly  watched,  being  raised  out  of  the  bath  frequently  to  see 
how  the  operation  progresses,  and  they  should  not  on  any  account  be 
allowed  to  remain  in  the  liquid  one  moment  after  the  nickel  has  been 
dissolved  from  the  surface,  but  should  be  immediately  removed  and 
plunged  into  cold  water.  On  the  other  hand  care  must  be  taken  to 
remove  all  the  nickel,  for  if  patches  of  this  metal  be  left  in  parts  it 
wiU  give  the  polisher  some  trouble  to  remove  it,,  owing  to  the  gre  it 
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hardness  of  nickel  as  compared  with  the  brass  or  copper  of  which  the 
article  may  be  composed.  When  the  stripping  of  brass  work  has  been 
properly  conducted,  the  surface  of  the  stripped  article  presents  a 
smooth  and  bright  surface,  but  little  affected  by  the  acid  bath. 

Nickel  may  be  removed  from  the  articles  by  means  of  ihe  battery  or 
dynamo -machine,  by  making  them  the  anodes  in  a  nickel  bath  ;  but 
in  this  case  a  separate  solution  should  be  employed  for  the  purpose ;  or 
a  bath  may  be  made  with  dilute  sulphuric  or  hydrochloric  acid ;  the 
stripping  solution,  however,  when  in  good  condition  and  used  with 
care,  is  not  only  quick  in  its  effect,  but  comparatively  harmless  to  the 
underlying  metal,  if  proper  judgement  and  care  have  been  exercised. 
Work  which  is  in  any  way  greasy  shoidd  be  steeped  in  the  potash  bath 
before  stripping. 

After  the  work  has  been  stripped  and  thoroughly  well  rinsed,  it 
should  be  dipped  in  boiling  water,  and  then  laid  aside  to  dry  sponta- 
neously ;  it  is  next  sent  to  the  polishing  room,  where  it  must  be 
polished  and  finished  in  the  same  way  as  new  work,  and  afterwards 
treated  in  the  nickeling  room  with  as  much  care  and  in  the  same  way 
as  new  goods. 

Wickl-flictng  Slaetrotypes. — In  printing  from  electrotypes  with 
coloured  inks,  but  more  especially  with  vermilion  inks,  which  are 
prepared  from  a  mercurial  pigment,  not  only  is  the  surface  of  the 
electrotype  injuriously  affected  by  the  mercury  forming  an  amalgam 
with  the  copper,  but  the  colours  are  also  seriously  impaired  by  the  de- 
composition which  is  involved.  To  avoid  this  it  is  frequently  the 
practice  to  give  electrotypes  to  be  used  for  such  purposes  a  coating  of 
nickel,  which  effectually  protects  the  copper  from  injury.  In  some 
printing  establishments  a  nickel  bath  Ls  kept  specially  for  this  purpose. 
The  electrotypes,  after  being  backed  up  and  prepa^^d  for  mounting 
iu  the  usual  way,  are  lightly  brushed  over  with  a  ley  of  potash,  and 
after  well  rinsing  are  suspended  in  the  nickel  bath  for  about  an  hour 
or  so,  by  which  time  they  generally  receive  a  sufficient  coating  of 
nickel.  Great  care  should  be  taken,  however,  not  to  employ  too 
strong  a  current,  lest  the  lower  comers  of  the  electrotype  should  be- 
come burn  if  as  it  is  called,  by  which  a  rough  surface  is  produced,  from 
which  the  ink,  in  subsequent  printing,  would  fail  to  deliver  properly ; 
this  defect,  however,  is  readily  avoided  with  care,  and  by  occasionally 
reversing  the  x>o8ition  of  the  plate  while  in  the  bath. 

For  nickel-facmg  electros  of  moderate  dimensions,  an  oval  stone- 
ware pan,  capable  of  holding  about  ten  to  fifteen  gallons  of  solution, 
miiy  be  used.  The  nickeling  bath  should  consist  of  about  three- 
quarters  of  a  pound  of  good  nickel  salts  (double  sulphate  of  nickel 
and  ammonia)  to  each  gallon  of  water.  The  salts  should  be  dissolved 
in  hot  water  and  tiltered  into  the  containing  vessel  thro.igh  a  piece  of 
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unbleached  calico.  The  anodes  may  consist  of  two  plates  of  rolled 
nickel,  each  about  12  inches  long  by  6  inches  wide,  these  being 
suspended  in  the  bath  by  hooks  from  a  brass  rod  laid  across  the  vat. 
A  Bunsen  battery  of  about  one  g^on  cax>acity  will  give  a  current 
sufficient  for  nickeling  electros  of  moderate  Hize.  The  positive  elec- 
trode (the  wire  proceeding  from  the  carbon  of  the  battery)  is  to  be 
connected  to  the  brass  rod  supporting  the  anodes,  and  a  similar  rod, 
connected  to  the  zinc  of  the  battery,  is  to  be  laid  across  the  vat  in 
readiness  to  receive  the  prepared  electros  to  be  nickeled.  The  suspend- 
ing rods  and  all  binding  screw  connections  must  be  kept  perfectly 
clean. 

When  putting  an  electro  in  the  bath,  care  must  be  taken  to  expose 
its  face  to  the  anodes,  otherwise  little  or  no  deposit  wiU  take  place 
upon  this  surface.  If  desired,  a  second  row  of  anodes  and  an  additional 
negative  rod  for  supporting  electrotypes  may  be  employed,  in  which 
case  the  electros  must  be  all  suspended  back  to  back,  so  as  to  face  the 
anodes.  An  additional  battery  will  be  required.  The  faces  of  the 
electros  may  be  placed  within  3  or  4  inches  of  the  anodes,  and 
each  should  be  supported  by  two  wires  passed  through  the  nail  holes 
in  the  backing  metal  which  are  nearest  the  comers. 

niokalliiff  Wlr*  Oaiis«. — Hessrs.  Louis  Lang  &  Son  obtained  a 
patent  in  1 88 1  for  a  method  of  nickeling  wire  gauze,  or  wire  to  be 
woven  into  gauze,  more  especially  for  the  purposes  of  paper  manufac- 
ture. These  wires,  which  are  generally  of  copper  or  brass,  are  liable 
to  be  attacked  by  the  small  quantities  of  chlorine  which  generally  re- 
main in  the  paper  pxdp,  by  which  the  gauze  wire  eventually  suffers 
injury.  To  nickel  wire  before  it  is  woven,  it  is  wound  on  a  bobbin, 
and  immersed  in  a  nickel  bath,  in  which  it  is  coated  with  nickel  in  the 
usual  way ;  it  is  then  unwound  and  re-wound  on  to  another  bobbin, 
and  re-immersed  in  the  nickel  bath  as  before,  so  as  to  coat  such 
surfaces  as  were  in  contact  with  each  other  and  with  the  first  bob- 
bin. To  deposit  nickel  on  the  woven  tissue,  it  may  either  be  coated 
in  its  entire  length,  as  it  leaves  the  loom,  or  in  detached  pieces.  For 
this  purpose  the  wire  gauze  is  first  immersed  in  a  pickle  bath,  and 
next  in  the  nickel  solution.  On  leaving  the  latter  it  is  rinsed,  and 
then  placed  in  a  hot-air  chamber,  and  when  thoroughly  dry  may  be 
rolled  up  again  ready  for  use. 

HlelfHng  Pilntliis  XoUmts. — Mr.  Appleton  obtained  several 
patents  in  1883  for  coating  with  nickel  the  engraved  rollers  used  for 
printing  and  embossing  cotton  and  other  woven  fabrics,  to  protect 
them  from  the  chemical  action  of  the  various  colours  and  chemical 
matters  used  in  calico  printing,  &c.,  by  which  the  copper  rollers  be- 
oomo  deteriorated.  Nickel-plated  roUers,  moreover,  presenting  a  much 
harder  surface  than  copper,  are  far  more  durable.    The  rollers  are  first 
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engraved  as  usual,  after  which  they  are  immersed  in  any  ordinary 
nickel  bath.  The  inventor  finds  it  advantageous,  in  order  to  secure 
a  uniform  coating  of  nickel,  to  **  vibrate,  agitate,  oscillate,  or  rotate 
the  roller  continuously,  or  intermittently,**  while  the  deposition  is 
taking  place.  He  has  found,  however,  some  difficulty  in  obtaining  a 
firm  deposit,  *'  owing  to  the  formation  of  gas  bubbles  upon  the  surface 
of  the  roller,  and  the  difficulty  in  dislodging  them.  To  obviate  this 
he  finds  it  advantageous  to  employ  "  a  brush,  which  is  in  contact  with 
the  roller  during  the  plating  operation,  the  roUer  being  rotated  con- 
tinuously, or  intermittently,  as  preferred."  The  brush  is  suspended 
from  the  cathode  rod,  so  that  the  bristies  may  touch  the  surface  of  the 
roller,  and  thus  remove  any  adhering  bubbles.  He  prefers  a  brush 
made  with  vegetable  fibre  or  spun  glass,  or  other  substance  not 
liable  to  be  acted  upon  by  the  solution. 

mclf  Hng  Votes. — I .  It  may  be  taken  as  a  rule  that  only  a  limited 
quantity  of  nickel  can  be  deposited  upon  either  brass,  copper,  steel,  or 
iron  ;  if  this  limited  amount  of  metal  be  exceeded  the  deposited  metal 
will  assuredly  separate  from  the  underlying  metal.  It  has  also  been 
found  in  practice  that  a  greater  thickness  of  nickel  can  be  deposited 
upon  brass  and  copper  without  spontaneously  peeling  off  than  upon 
steel  or  iron.  Since  nickel,  however,  is  an  exceedingly  hard  metal, 
and  will  bear  a  considerable  amount  of  friction,  a  very  thin  coating 
indeed  is  all  that  is  necessary  for  most  of  the  articles  to  which  nickel- 
plating  is  applied.  We  may,  however,  state  that  too  much  advantage 
has  been  taken  of  this  fact,  for  many  articles  of  American  and  conti- 
nental manufacture  enter  the  market  upon  which  a  mere  film  of  nickel 
has  been  deposited,  and  consequentiy  they  soon  become  unsightiy  from 
the  rapidity  with  which  the  flimsy  coating  vanishes  with  even  moderate 
wear.  As  a  rule,  the  nickel-platers  of  this  country  deposit  a  very  fair, 
and  in  many  instances  a  very  generous,  coating  of  nickel  upon  their 
work,  which  has  caused  the  home  nickel-plating  industry  to  hold  a 
high  position  both  as  regards  the ^ni»A  of  tiie  work  and  its  durability. 
It  will  be  a  thing  to  be  regretted  if  price-competition  should  cause 
this  useful  branch  of  electro-deposition  to  become  degraded  by  coating 
well-manufactured  articles  with  a  mere  skin  of  nickel ! 

2.  Nickeling  Steel  Articles. — When  small  steel  work,  such  as  purse 
moimts,  book-clasps,  &c. ,  have  to  be  nickeled,  it  is  better  first  to  suspend 
larger  articles  of  brass  or  copper  upon  one  end  of  the  conducting  rod, 
and  to  reserve  the  other  end  of  the  rod  for  the  steel  articles,  or  to  sling 
them  between  the  larger  pieces  of  work  :  when  it  is  not  convenient  to 
do  this,  one  of  the  anodes  should  be  slung  from  the  end  of  the  rod 
farthest  from  the  battery,  as  a  cathode,  so  as  to  take  up  a  portion  of 
the  current.  When  steel  articles  are  placed  in  the  bath  they  should 
b€K3ome  **  struck,"  as  it  is  tonned — that  is,  receive  a  slight  coating  of 
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nickel — ^almost  immediatelj  after  immenion,  bnt  from  that  moment 
the  depoRition  muHt  be  allowed  to  progfress  slowly,  otherwise  the  work 
will  surely  strips  and  this  it  will  sometimes  do  even  while  in  the  bath : 
we  have  known  steel  work  peel,  when  removed  from  the  bath,  by 
simply  striking'  it  gently  against  a  hard  sabstanoe.  It  is  also  of  much 
importance  that  steel  work  should  be  placed  in  the  bath  directly  after 
it  has  been  passed  through  the  hydrochloric  acid  pickle  and  rinsed, 
since  even  a  few  moments*  exposure  to  the  air — especially  if  there  be 
any  acid  fumes  given  off  by  the  batteries — will  cause  a  film  of  oxide  to 
form  on  the  surface  and  render  the  deposit  liable  to  strip. 

3.  Rinatng  the  Articles. — It  wiU  be  readily  understood  that  if  articles 
are  imperfectly  rinsed  after  dipping,  the  acid  or  cyanide,  as  the  case 
may  be,  which  may  still  hang  about  them  must  be  a  source  of  injury 
to  the  nickel  bath.  It  is  therefore  advisable  not  to  depend  upon  one 
rinsing  water  only,  but  to  give  the  work  a  second  rinsing  in  perfectly 
clean  water.  It  is  very  commonly  the  practice  to  give  the  final  rinsing 
in  one  division  of  the  scouring  tray,  the  water  of  which  can  be  readily 
changed  by  simply  removing  the  plug  and  turning  on  the  tap  when 
it  is  replaced. 

4.  Lime  tmed  in  Finishing  Niekel-plated  Work. — The  lime  used  for 
finishing  work  which  has  been  nickel-plated  is  generally  obtained  from 
Sheffield,  and  since  this  substance  becomes  absolutely  useless  after  it 
has  been  exposed  to  the  air — ^by  which  it  attracts  carbonic  acid  and 
falls  to  an  impalpable  powder  possessing  littie  or  no  polishing 
effect  upon  nickel — it  must  be  preserved  in  air-tight  vessels.  For 
this  purpose  olive  jars,  or  large  tin  canisters  such  as  are  used  by 
grocers,  answer  well.  Small  quantities  may  be  preserved  in  stone 
jars,  covered  with  a  well-fitting  bung.  The  general  practice  is  to 
take  a  lump  of  lime  from  the  jar,  cover  the  vessel  immediately,  and 
after  breaking  off  a  sufficient  supply  from  the  selected  lump,  to  return 
it  to  the  jar,  which  is  again  securely  covered.  The  fragments  of  lime 
are  thoTi  powdered  in  a  mortar,  and  after  sifting  through  a  fine  sieve 
or  muslin  bag,  the  powder  is  handed  to  the  finisher,  who  informs  the 
assistant  (gfenerally  a  boy)  a  short  time  before  he  requires  a  fresh 
supply  of  the  powdered  lime.  By  this  arrangement  the  lime  then 
always  gets  into  the  hand  of  the  finisher  in  good  condition  for  his 
purpose. 

5.  Niekelittff  Dental  Work. — One  of  the  most  successful  purposes  to 
which  nickeling  has  been  applied  for  many  years,  is  in  coating  den- 
tist*8  tools,  including  forceps,  excavators,  and  other  implements  used 
in  dental  practice.  These  articles,  which  are  made  from  fine  steel, 
are  usually  sent  by  the  makers  to  the  nickel-plater  in  a  highly- 
finished  condition,  and  therefore  require  but  a  moderate  amount  of 
labour  in  the  plating  and  polishing  shops  to  turn  them  out  of  hand. 
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To  prepare  this  class  of  work  for  the  bath,  the  pieces  axe  first  wired, 
after  which  they  are  suspended  in  the  potash  bath  for  a  short  time,  or 
until  required  to  be  scoured.  They  are  now  removed,  a  few  at  a  time, 
and  rinsed,  after  which  they  are  taken  to  the  scouring  bench,  where 
they  are  brushed  over  with  pumice  and  water  ;  each  piece,  after 
rinsing,  is  dipped  for  a  moment  in  the  hydrochloric  acid  dip,  again 
rinsed,  and  immediately  suspended  in  the  vat.  To  prevent  these 
small  pieces  from  receiving  the  deposit  too  quickly  and  thus  becoming 
**  burnt "  they  are  usually  suspended  between  articles  of  a  larger  size 
which  are  already  in  the  bath.  When  battery  power  is  used  for  coat- 
ing articles  of  this  class  (with  larger  work),  from  two  to  three  hours* 
immersion  in  the  bath  will  be  required  to  obtain  a  fair  coating  ;  with 
a  dynamo  about  half  that  period  will  be  sufficient.  Dental  forceps 
require  a  somewhat  longer  immersion  than  the  smaller  tools.  When 
the  work  is  sufficiently  nickeled,  it  is  removed  from  the  bath,  rinsed 
in  hot  water,  and  sent  into  the  polishing  room  to  be  lime-finished, 
after  which  it  should  be  thoroughly  well  brushed  to  remove  the  lime, 
especially  from  the  interstices.  Some  packers,  or  warehousemen,  are 
apt  to  be  rather  careless  in  this  respect,  and  are  satisfied  with  giving 
nickel-plated  and  finished  work  a  slight  rub  up  with  a  leather,  so  that 
when  the  articles  are  received  by  the  customer,  the  first  thing  that 
attracts  his  attention,  when  unpacking  the  work,  is  the  appearance  of 
a  quantity  of  dirty  lime  which  has  fallen  from  the  goods  after  they 
were  wrapped  in  paper.  This  negligence  has  often  been  the  cause  of 
complaint,  and  since  it  can  be  so  readily  avoided  by  a  little  extra  care, 
this  should  always  be  impressed  upon  the  packer  of  finished  work. 

6.  lUcorery  of  Nickel  from  Old  Solutions. — This  is  most  readily 
effected  by  following  Mr.  Unwin's  ingenious  method  of  preparing  the 
double  salts  of  nickel  and  ammonia,  namely,  by  taking  advantage  of 
the  insolubility  of  the  double  sulphate  of  nickel  and  ammonia  in  con- 
centrated solutions  of  the  sulphate  of  ammonia.  To  throw  down  the 
double  salts  from  an  old  solution,  or  from  one  which  fails  to  yield  a 
good  deposit,  prepare  a  saturated  solution  of  sulphate  of  ammonia,  and 
add  this,  with  constant  stirring,  to  the  nickel  solution,  when,  after  a 
little  while,  a  granular  deposit  of  a  green  colour  will  form,  which  will 
increase  in  bulk  upon  fresh  additions  of  the  sulphate  being  given. 
The  effect  is  not  inmiediate,  on  adding  the  sidphate  of  ammonia  solu- 
tion, but  after  a  time  the  green  deposit  will  begin  to  show  itself,  and 
when  a  sufficient  quantity  of  the  ammonia  salt  has  been  added,  the 
supernatant  liquor  will  become  colourless,  when  the  operation  is  com- 
plete. The  additions  of  sulphate  of  ammonia  should  be  gradually 
made,  and  the  mixture  allowed  to  rest  occasionally,  after  well  stirring, 
to  ascertain  if  the  green  colour  of  the  nickel  solution  has  disappeared. 
The  clear  liquor  is  to  be  poured  off  the  granular  deposit — which  is 
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pure  double  sulphate  of  nickel  and  ammonia— and  this  should  be 
allowed  to  drain  thoroughly.  It  may  afterwards  be  dissolved  in  water 
and  used  as  a  nickel-plating  bath.  The  solution  of  sulphate  of 
ammonia  may  bo  evaporated,  and  the  salt  allowed  to  crystallise ;  and 
if  the  crystals  are  afterwards  re-dissolved  and  again  crystallised,  the 
resulting  product  will  be  sufficiently  pure  for  future  use. 

7.  **  Doctoring. ^^ — This  term  is  applied  to  a  system  of  patching  up 
an  article  which  has  been  "  cut  through,"  or  rendered  bare,  in  the  pro- 
cess of  lime- finishing,  and  it  is  adopted  to  avoid  the  necessity  of 
re-nickeling  the  whole  article,  which  would  often  entail  considerable 
loss  to  the  plater.  When  the  faulty  article  is  sent  back  from  the 
polishing  room  the  first  thing  to  do  is  to  arrange  the  *'  doctor,*'  which 
is  performed  as  follows : — ^A  pieoe  of  stout  copper  wire  is  bent  in  the 
form  of  a  hook  at  each  end ;  a  piece  of  plate  nickel,  about  one  and  a 
half  inch  square  (or  a  fragment  of  nickel  anode)  is  now  bound  firmly 
to  one  of  the  hooks  with  a  piece  of  twine  ;  the  lump  of  nickel  is  then 
wrapped  in  several  folds  of  calico,  or  a  single  fold  of  chamois-leather. 
The  second  hook  is  now  to  be  connected  by  a  wire  to  the  anode  rod  of  the 
bath,  and  the  article  put  in  contact  with  the  negative  electrode.  The 
rag  end  is  now  to  be  dipped  in  the  nickel  bath,  applied  to  the  defec- 
tive spot  (which  should  be  first  lightly  scoured  with  pumice  and  water) 
and  allowed  to  rest  upon  it  for  a  few  moments,  then  dipped  again  and 
reapplied.  By  repeatedly  dipping  the  rag  in  the  nickel  bath  and 
applying  it  in  this  way  a  sufficient  coating  of  nickel  may  be  given  in 
a  few  minutes  to  enable  the  finisher  to  apply  the  '^  dolly  **  to  the  re- 
nickeled  spot,  and  thus  render  it  as  bright  as  the  rest  of  the  article. 
When  the  operation  is  skilfully  performed,  both  by  the  plater  and 
finisher,  no  trace  of  the  patch  will  be  observable. 

8.  Common  Salt  in  Xickel  Solutions. — Owing  to  the  inferior  conductivity 
of  nickel  baths,  various  attempts  had  been  made  to  improve  the  con- 
ducting power  of  these  solutions  by  the  addition  of  other  substances, 
but  the  most  successful  of  these,  of  French  origin,  was  the  introduc- 
tion of  chloride  of  sodium  (common  salt),  which  is  a  very  good  con- 
ductor of  electricity.  The  addition  of  this  substance  was  subsequently 
adopted  by  a  well-known  London  firm,  the  character  of  whose  nickel - 
plated  work  was  much  admired  for  its  whiteness  as  compared  with 
some  other  specimens,  of  a  more  or  less  yellow  tone,  which  appeared 
in  the  market  at  that  time.  The  advantages  to  be  derived  from  the 
addition  of  common  salt  to  nickel  solutions  have  been  very  clearly 
demonstrated  by  M.  Desmur,  who,  in  a  communication  to  the  author, 
in  June,  1880,  made  the  following  interesting  statement,*  which  he 

*  Electro- Metallurgy,  Practically  'i'reated.    By  Alexander  Watt    Eighth 
edition,  p.  229. 
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deems  it  adyiaable  to  reproduce  in  this  place  from  its  importance  to 
those  who  follow  the  nickel-plating  industry : — 

9.  Attffmentation  of  the  Conductivity  of  Nickel  Bathe — M.  Desmur 
says :  **  The  resistance  of  nickel  baths  as  they  are  usually  prepared, 
i.e.  by  dissolving  double  sulphate  of  nickel  and  ammonia  in  water, 
is  yery  great.  I  would  advise  persons  engaged  in  the  trade  to  intro- 
duce into  their  baths  ten  per  cent,  of  chloride  of  sodium  (common  salt). 
I  have  observed,  by  means  of  a  rheostat,  that  the  addition  of  this  salt 
augments  the  conductivity  by  thirty  per  cent.,  and  that  the  deposit  is 
much  whiter  and  obtained  under  better  conditions.  The  diminution 
of  resistance  is  in  proportion  to  the  quantity  of  chloride  of  sodium 
added,  for  the  conducting  power  of  a  solution  of  this  salt  increases 
with  its  degree  of  concentration  up  to  the  point  of  saturation.  I 
mention  this  fact  because  it  is  not  the  case  with  all  saline  solutions. 
For  example,  saturated  solutions  of  nitrate  of  copper,  or  sulphate  of 
zinc,  have  the  same  conductive  power  as  more  diluted  solutions,  be- 
cause the  conductibility  of  these  solutions  increases  as  the  degree  of 
(concentration  reaches  its  maiimnm,  and  diminishes  as  the  concen- 
tration increases.'* 

In  our  own  experience  we  have  observed  that  not  only  is  the  nickel 
deposit  rendered  much  whiter  by  the  addition  of  chloride  of  sodium, 
but  it  is  also  tougher  and  more  reguline ;  indeed,  we  have  known  a 
stout  deposit  of  nickel  upon  sheet  brass  or  copper  to  allow  the  metal 
to  be  bent  from  its  comers  and  flattened  without  the  least  evidence  of 
separation  or  even  cracking — a  condition  of  deposit  not  often  obtained 
in  plain  double  sulphate  solutions. 

10.  Nickeling  Small  Articlee  by  Dynafno-electrieity. — Small  steel  pieces, 
such  as  railway  keys,  for  example,  should  not  be  kept  in  the  bath 
longer  than  an  hour,  or  an  hour  and  a  half  at  the  most.  About  twice 
this  period  will  be  necessary  when  battery  power  is  employed.  Brass 
and  copper  work,  as  a  rule,  may  remain  in  the  bath  about  double  the 
length  of  time  required  for  steel  work. 

11.  Nickeling  Small  Screws — When  a  large  number  of  small  screwn 
have  to  be  nickeled,  they  may  be  placed  in  a  brass  wire-gauze  basket, 
made  by  turning  up  a  square  piece  of  wire-gauze  in  the  form  of  a  tray, 
and  overlapping  the  comers,  which  must  then  be  hammered  flat  and 
made  secure  by  soldering.  A  piece  of  stout  copper  wire,  bent  in  the  form 
of  a  bow  and  flattened  at  each  end,  is  then  to  be  soldered  to  the  centre 
of  each  side  of  the  tray,  forming  a  handle,  by  which  it  may  be  sus- 
pended in  the  bath  by  the  negative  wire  of  the  battery  or  other  source 
of  electric  power.  The  screws,  having  been  properly  cleaned,  are 
placed  in  the  basket,  which  is  then  immersed  in  the  bath,  and  while 
deposition  is  taking  place  the  basket  must  be  gentiy  shaken  occa- 
sionally to  allow  the  parts  in  contact  to  become  coated  :  this  is  espe- 
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oiaUy  necessary  during  the  first  few  moments  after  immersion.  When 
nickeling  such  articles  in  the  wire  basket,  they  should  be  placed  in  a 
single  layer,  and  not  piled  up  one  above  another,  since  nickel  has  a 
strong  objection  to  deposit  round  the  eoitter.  It  is  better,  however,  to 
sling  screws  by  thin  copper  wire  than  to  use  a  basket ;  and  though 
the  operation  is  a  rather  tedious  one,  a  smart  lad  can  generally  "  wire  " 
screws,  after  a  little  practice,  with  sufficient  speed  for  ordinary  de- 
mands. The  simple  method  of  wiring  screws  before  described  will  be 
found  very  useful,  and  if  the  necessary  twist  is  firmly  given  there  need 
be  no  fear  of  the  screws  shifting ;  the  wire  used  for  this  purpose 
should  never  be  used  a  second  time  without  stripping  the  nickel  from 
its  surface  and  passing  it  through  a  clear  fire  to  anneal  it.  When 
nickeling  screws,  it  is  beet  to  sling  them  between  other  work  of  a 
larger  size,  otherwise  they  are  liable  to  become  burnt,  which  will 
necessitate  stripping  ofF  the  deposited  nickel  or  facing  them  upon  an 
emery  wheel. 

1 2 .  Dead  Nickel-plating . — Certain  classes  of  work,  as  ship  deck  lamps, 
kilting  machines,  and  various  oast-iron  articles,  are  generally  required 
to  be  left  dead — that  is,  just  as  they  come  out  of  the  nickel  bath.  All 
such  work,  when  removed  from  the  bath,*  should  be  at  once  rinsed 
in  very  hot  and  perfectly  clean  water.  Care  should  be  taken  not  to 
allow  the  work  to  be  touched  by  the  fingers  at  any  part  that  catches 
the  eye,  since  this  handling  invariably  leaves  an  unsightly  stain. 
Cast-iron  work,  when  properly  nickel-plated,  presents  a  very  pleasing 
appearance,  which  should  not  be  marred  by  finger*markfl  before  it 
reaches  the  hands  of  the  customer. 

13.  "Dry"  Nickel'plaiing . — This  method,  which  is  of  American 
origin,  has  sometimes  been  adopted  in  this  country  for  umbrella  mounts 
and  other  small  work,  but  it  is  only  applicable  to  very  cheap  work, 
upon  which  the  quantity  of  nickel  is  of  secondary  importance.  Work  of 
this  character  is  generally  dollied  with  a  **  composition  "  consisting  of 
crocus  (oxide  of  iron)  mixed  up  into  the  form  of  a  hard  solid  mass  with 
tallow.  The  workman  takes  a  lump  of  the  composition,  which  he 
presses  against  the  revolving  dolly  until  it  has  acquired  a  small 
amount  of  the  composition  upon  its  folds  (as  in  Ume-finishing).  He 
now  holds  the  piece  of  work  to  the  dolly,  which  quickly  becomes 
brightened.  When  a  sufficient  number  of  pieces  have  been  prepared 
in  this  way,  they  are  suspended  by  any  suitable  means  and  at  once 
placed  in  the  bath,  and  so  soon  as  they  have  become  sufficiently  coated 
for  this  class  of  work,  that  is  in  about  half -an-hour  or  so,  the  articles 
are  removed,  rinsed,  and  dried,  and  after  a  slight  dollying  are  ready  for 
market.  A  convenient  arrangement  for  suspending  umbrella  mounts, 
and  articles  of  a  like  description,  is  shown  in  Fig.  1 16. 

14.  Retnoving  Nickel  from    SuMpcndiiig    Jpplianeet. — When  wire- 
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gtkVLze  trays,  wire  suspenders,  and  other  contrivanoes  by  which  articles 
have  been  supported  in  the  bath  have  been  used  many  times,  they 
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Fig.  ii6. 

naturally  become  thickly  coated  with  nickel,  and  since  this  metal 
when  deposited  upon  itself  has  no  adhesion,  the  various  layers  of 

nickel  which  the  tray,  &c.,  have  received  from  time 
to  time  generally  curl  up  and  break  off  with  the 
slightest  touch,  and  the  fragments  are  liable  not  only 
to  fall  into  the  bath,  but  upon  any  work  which  may  be 
in  the  solution  at  the  time.  It  is  better,  therefore,  to 
remove  the  nickel  from  these  appliances,  either  by 
means  of  a  stripping  solution  or  by  connecting  them 
to  the  positive  electrode  of  a  battery  and  dissolving 
the  metal  off  by  electrolysis,  for  which  purpose  a 
small  bath  may  be  specially  kept. 

15.  Beeovery  of  Dropped  Articles  from  the  Bath. — 
When  an  article  is  accidentally  dropped  into  the 
nickel  vat,  the  workman  should  have  at  hand  a 
ready  means  of  recovering  it  without  resorting  to  the 
unhealthy  practice  of  plunging  his  bare  arm  into  the 
solution.  Many  contrivances  have  been  adopted  for 
this  purpose,  amongst  which  may  be  mentioned  an  instrument  of 
which  a  sketch  is  shown  in  Fig.  117.    This  simply  consists  of  a  per- 
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forated  iron  plate,  fitted  with  a  suitable  handle,  which  may  be  oon- 
yeniently  attached  by  means  of  a  socket  brazed  on  to  the  perforated 
plate.  If  this  tool,  or  /t/V,  be  gently  lowered  into  the  bath,  in  the 
direction  in  which  the  article  is  supposed  to  lie,  and  carefully  moved 
about,  80  as  not  to  disturb  the  sediment  more  than  can  be  avoided, 
the  lost  article  will  probably  soon  come  in  contact  with  the  lift,  which 
should  then  be  guided  so  as  to  draw  the  article  to  the  side  or  end  of 
the  bath,  when  it  may  be  shovelled  on  to  the  perforated  plate  and 
gradually  lifted  to  the  surface  of  the  bath  and  taken  off  the  plate, 
and  the  instrument  hung  up  in  its  proper  place  ready  for  use  another 
time.  When  small  steel  or  iron  articles  fall  into  the  bath,  they  may 
be  recovered  by  means  of  a  horse-shoe  magnet.  For  this  purpose 
a  tolerably  large  magnet,  having  a  cord  attached  to  its  centre  and 
allowing  the  poles  to  hang  downward,  may  be  employed,  and  if 
allowed  to  drag  along  the  bottom  of  the  vat  slowly,  so  as  to  avoid 
disturbing  the  sediment  as  much  as  possible,  the  lost  article  may 
gfenerally  be  recovered  and  brought  to  the  surface,  even  when  the 
bath  is  full  of  work,  without  stirring  up  the  sediment  to  any  serious 
extent.  When  the  recovery  of  the  dropped  pieces  is  not  of  any 
immediate  consequence,  this  is  better  left  till  the  evening,  after  the 
last  batch  of  work  has  been  removed. 

16.  tolled  Nickel  Anodes. — The  cost  of  a  nickel-plating  outfit,  when 
e(ut  anodes  are  employed,  is  in  this  item  alone  excessively  heavy,  since 
in  many  cases  such  anodes,  for  large  operations,  frequently  weigh  more 
than  a  quarter  of  a  hundredweight  each  ;  and  when  it  is  borne  in  mind 
that  for  a  250-gfallon  bath  from  sixteen  to  twenty-four  anodes  would 
be  required — except  when  a  dynamo  or  magneto-electric  machine  is 
employed,  when  about  half  that  number  would  be  sufficient — it  will 
be  at  once  seen  that  the  agg^gate  weight  of  metal  would  be  consider- 
able. Since  rolled  nickel  anodes  can  now  be  obtained  of  almost  any 
required  thinness,  from  one-fourth  to  one-eighth  of  the  quantity  of 
metal  only  would  be  required  to  that  of  the  cast  metal.  It  is  a 
common  fault  with  cast  nickel  anodes  that  after  they  have  been  in 
use  a  short  time  they  become  soft  and  flabby  while  in  the  depositing 
vat,  and  will  even  fall  to  pieces  with  the  slightest  handling  and  become 
deposited — ^not  in  the  electrolytic  sense — at  the  bottom  of  the  vat.  It 
is  not  an  uncommon  circumstance,  moreover,  to  find  a  considerable  per- 
centage of  loose  carbon — graphite — interspersed  with  the  badly-cast 
nickel,  and  which,  of  course,  if  paid  for  as  nickel,  entails  a  loss  upon 
the  consumer.  We  have  seen  samples  of  such  anodes  containing 
nearly  thirty  per  cent,  of  graphite,  which  could  easily  be  scooped  out 
with  a  teaspoon !  Some  very  good  specimens  of  cast  nickel,  however, 
enter  the  market  in  which  neither  of  the  above  faults  are  to  be  found  ; 
indeed,  we  have  examined  samples  containing  99  per  cent,  of  nickel, 
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which  for  all  practicAl  purposes  may  be  said  to  be  pure.  We  should, 
in  any  case,  give  our  preference  to  roNed  nickel  anodes ;  and  for  the 
following  reasons : — They  are  less  costly  ;  they  become  more  uniformly 
dissolved  in  the  bath ;  they  are  generally  more  pure ;  they  do  not 
soften  in  the  solution,  and  are  less  cumbersome  to  handle  itum  cast 
anodes,  which  is  an  advantage  when  these  require  to  be  shifted,  as  in 
plating  mullers  and  other  larg^  pieces. 

17.  Xxekeling  Cast  B rasa  Work. — It  sometimes  occurs  that  work  of 
this  description  is  full  of  sand-holes ;  when  such  is  the  case,  the 
polisher  should  receive  instructions  to  obliterate  these  as  far  as 
possible,  for  nothing  looks  more  unsightly  in  nickel-plated  and 
finished  articles  than  these  objectionable  cavities.  It  not  unfre* 
quently  happens,  however,  that  some  sand-holes  are  too  deep  to  be 
erased  by  the  polishing  process,  with  any  amoimt  of  labour,  while 
sometimes,  in  his  endeavour  to  obliterate  these  defects  the  polisher 
finds  that  they  extend  in  magnitude,  and  are  found  to  enter  deep  into 
the  body  of  the  work.  In  such  cases  all  attempts  to  eradicate  them 
will  be  futile,  and  must  therefore  be  abandoned.  Polishers  and 
finishers  accustomed  to  prepare  work  for  nickel-plating  are  fully  aware 
of  the  importance  of  a  fair  face  on  the  work,  and  they  generally  do 
their  best  to  meet  the  requirements  of  the  nickeling  process,  and 
many  of  them  are  exceedingly  careful  to  prepare  the  work  so  that, 
when  nickeled  and  finished,  it  shall  look  creditable 


CHAPTER  XXI. 

DEPOSITION  AND  ELECTRO-DEPOSITION  OF  TIN. 

Deposition  by  Simple  Immeraion. — Tinning  Iron  Articleii  by  Simple  Immer- 
sion.—Tinning  Zinc  by  Simple  Immersion. — Tinning  by  Contact  with 
Zinc. — RoseleuHs  Tinning  Solutions. — Deposition  of  Tin  by  Single  Celt 
I'rocess.— Dr.  Hillier's  Method  of  Tinning  Metals.— Heeren's  Method  of 
Tinning  Iron  Wire.— Electro-deposition  of  Tin. — Roseleur's  Solutions. — 
Fearn's  Process.  —  Steele's  Process.  —  Electro-tinning  Sheet  Iron.  — 
Spence's  Process.— Recover}^  of  Tin  from  Tin  Scrap  by  Electrolysis. 

Thebe  are  three  different  methods  of  coating  brass  and  other  metals 
with  tin  in  what  is  termed  the  wet  tcat/y  in  contradistinction  to  the 
ordinary  method  of  tinning  by  immersion  in  a  bath  of  molten  metal. 
By  two  of  these  methods  a  beautifully  white  film  of  tin  is  deposited, 
but  not  of  sufficient  thickness  to  be  of  a  durable  character.  By  the 
third  method,  a  deposit  of  any  required  thickness  may  be  obtained, 
although  not  with  the  same  degree  of  facility  as  is  the  case  with  gold, 
silver,  and  copper. 

XMpodtioii  by  Btmpto  Tmimirrion,  or  "Dippliii;." — For  this  pur- 
pose, a  saturated  solution  of  cream  of  tartar  is  made  with  boiling 
water :  in  this  solution  small  brass  or  copper  articles,  such  as  brass 
pins,  for  example,  are  placed  between  sheets  of  grain  tin,  and  the 
liquid  is  boiled  until  the  desired  result  is  obtained — a  beautifully  white 
coating  of  tin  upon  the  brass  or  copper  surfaces.  Ordinary  brass  pins 
are  coated  in  this  way.  Some  persons  add  a  little  chloride  of  tin  to 
the  bath  to  facilitate  the  whitening ,  as  it  is  termed.  The  articles  are 
afterwards  washed  in  clean  water,  and  brightened  by  being  shaken  in 
a  leathern  bag  with  bran,  or  revolved  in  a  barrel. 

Tinning  Iron  Articles  by  Slmplo  Xmmerslon.— A  solution  is 
first  made  by  dissolving,  with  the  aid  of  heat,  in  an  enamelled  pan — 

Protochloride  of  tin  (fused)       ...         2}  grammes. 

Ammonia  alum 75        v 

Water 5  litres.* 


^  Tables  of  French  weights  and  measures  are  given  at  the  end  of  the 
volume. 
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The  chloride  of  tin  (which  may  be  obtained  at  the  dryBalters)  is 
readily  made  by  dissolving  grain  tin  in  hydrochloric  acid,  wiUi  the  aid  of 
heat,  care  being  taken  to  have  an  excess  of  the  metal  in  the  dissolving 
flask.  When  tiie  bubbles  of  hydrogfen  g^  which  are  evolved  cease  to 
be  given  off  the  action  is  complete.  If  the  solution  be  evaporated  at 
a  gentle  heat  until  a  pellicle  forms  on  the  surface,  and  the  vessel  then 
set  aside  to  cool,  needle-like  crystals  are  obtained,  which  may  be 
separated  from  the  *' mother  liquor*'  by  tilting  the  evaporating 
dish  over  a  second  vessel  of  the  same  kind.  When  all  the  liquor  has 
thoroughly  drained,  it  should  in  its  turn  be  ag^in  evaporated,  when  a 
fresh  crop  of  crystals  will  be  obtained.  The  crystals  should,  before 
weighing,  be  gently  dried  over  a  sand  bath. 

The  ammonia  alum  is  an  article  of  commerce,  and  is  composed  of 
ammonia,  3*75  ;  alumina,  11*34;  sulphuric  acid,  35*29;  and  water, 
49*62,  in  100  parts.  It  may  be  prepared  by  adding  crude  sulphate  of 
anunonia  to  a  solution  of  sulphate  of  alumina. 

When  the  solution  of  tin  and  alum  has  been  brought  to  a  boil,  the 
iron  articles,  after  being  well  cleaned  and  rinsed  in  water,  are  to  be 
immersed  in  the  liquid,  when  they  quickly  become  coated  with  a  deli- 
cately white  film  of  a  dead  or  matted  appearance,  which  may  be 
rendered  bright  by  means  of  bran  in  a  revolving  cask,  or  in  a  leathern 
bag  shaken  by  two  persons,  each  holding  one  end  of  the  bag.  The 
scratch-brush  is  also  much  used  for  this  purpose.  To  keep  up  the 
streng^  of  the  tinning  or  whitening  bath  small  quantities  of  the  fused 
chloride  of  tin  are  added  from  time  to  time.  Articles  which  are  to 
receive  a  more  substantial  coating  of  tin  by  the  separate  battery  may 
have  a  preliminary  coating  of  tin  in  this  way. 

Tinning  Zinc  \fj  Btmplo  Tmnn<wlon. — To  make  a  bath  for 
tinning  zinc  by  the  dipping  method,  the  ordinary  alums  of  commerce 
(potash  and  soda  alums)  may  be  used.  In  other  respects,  the  solution 
is  prepared  and  used  in  the  same  way  as  the  above  ;  and  it  may  be 
stated  that  the  proportions  of  the  tin  salt  and  ammonia  in  water  need 
not  of  necessity  be  very  exact,  since  the  solution,  after  once  being  used, 
becomes  constantly  weakened  in  its  proportion  of  metal,  still  giving* 
very  g^ood  results,  though  somewhat  slower  than  at  first. 

For  coating  articles  made  of  brass,  copper,  or  bronze,  a  boiling  solu- 
tion of  ][>eroxide  of  tin  in  caustic  potash  makes  a  very  good  bath, 
yielding  a  coating  of  extreme  whiteness.  A  still  more  simple  solution 
may  be  made  by  boiling  grain  tin,  which  should  first  be  granulated,  in 
a  moderately  strong  solution  of  caustic  potash,  which  in  time  will 
dissolve  sufficient  tin  to  form  a  very  good  whitening  solution. 

Tlniiliis  \gj  Contact  witli  Zinc. — Deposits  of  tin  upon  brass, 
copper,  iron,  or  steel  may  easily  be  obtained  from  either  of  the  fol- 
lowing solutions  by  placing  the  articles,  while  in  the  hot  tinning 
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bath,  in  contact  with  fragments  of  clean  zinc,  or  with  granulated  zino. 
To  granulate  ziac,  tin,  or  other  metals,  have  at  hand  a  deep  jar,  or 
wooden  bucket,  nearly  filled  with  cold  water,  upon  the  surface  of 
which  spread  a  few  pieces  of  chopped  straw  or  twigs  of  birch.  When 
the  metal  is  melted,  let  an  assistant  stir  the  water  briskly  in  one  direction 
onhj^  then,  holding  the  ladle  or  crucible  containing  the  molten  metal 
high  up  above  the  moving  water,  pour  out  gradually^  shifting  the 
position  of  the  ladle  somewhat,  so  that  the  metal  may  not  all  flow 
down  upon  the  same  part  of  the  vesseFs  bottom.  When  all  the  metal 
is  poured  out,  the  water  is  to  be  run  off,  and  the  granulated  metal 
collected  and  dried.  It  should  then  be  put  into  a  wide-mouthed  bottle 
or  covered  jar  until  required  for  use. 

HowftAmar'm  Tf lining'  Bolvtlona. — ^Boseleur  recommends  either  of 
the  two  following  solutions  for  tinning  by  contact  with  zinc :  I .  Equal 
weights  of  distilled  water,  chloride  of  tin,  and  cream  of  tartar  are 
taken.  The  tin  salt  is  dissolved  in  one-third  of  the  cold  water ;  the 
remaining  quantity  of  water  is  then  to  be  heated,  and  the  cream  of 
tartar  dissolved  in  it ;  the  two  solutions  are  now  to  be  mixed  and  well 
stirred'.  The  mixture  is  dear,  and  has  an  acid  reaction.  2.  Six  parts 
of  crystals  of  chloride  of  tin,  or  4  parts  of  the  fused  salt,  and  60  parts 
of  pyrophosphate  of  potassium  or  sodium  are  dissolved  in  3,000  parts 
of  distilled  water,  the  mixture  being  well  stirred ;  this  also  forms  a 
clear  solution.  Both  the  above  solutions  are  to  be  used  hot,  and  kept 
constantly  in  motion.  The  articles  to  be  tinned  are  immersed  in 
contact  with  fragments  of  zinc,  the  entire  surface  of  which  should  be 
equal  to  about  one-thirtieth  of  that  of  the  articles  treated.  In  from 
one  to  three  hours  the  required  deposit  is  obtained.  To  keep  up  the 
strength  of  the  bath  equal  weights  of  fused  chloride  of  tin  and  pyro- 
phosphate are  added  from  time  to  time.  Boseleur  gives  the  preference 
to  this  latter  solution  if  the  pyrophosphate  is  of  good  quality.  He 
also  prefers  to  use  coils  of  zinc  instead  of  fragments  of  the  metal,  as 
being  less  liable  to  cause  markings  on  the  articles  than  the  latter,  which 
expose  a  greater  number  of  points.  It  is  evident  from  this  that 
granulated  zinc  shoidd  not  be  used  with  these  solutions,  since  metal 
in  this  form  would  exhibit  an  infinite  number  of  points  for  contact. 
For  tinning  small  articles,  such  as  nails,  pins,  &c.,  these  are  placed 
in  layers  upon  perforated  zinc  plates  or  trays,  which  allow  of  the 
circulation  of  the  liquid ;  the  edges  of  the  plates  are  turned  up  to  keep 
the  articles  from  faUing  off  the  zinc  surfaces.  These  plates  are  placed 
upon  numbered  supports,  in  order  that  they  may  be  removed  from  the 
bath  in  the  inverse  order  in  which  they  were  immersed.  The  plates 
are  scraped  clean  each  time  before  being  used,  in  order  that  a  perfect 
metallic  contact  may  be  insured  between  the  plates  and  the  articles  to 
be  tinned.     During  the  tinning  the  small  articles  are  occasionally 
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stirred  with  a  three-pronged  iron  fork,  to  ohange  the  points  of  contact. 
After  the  articles  have  been  in  the  bath  from  one  to  three  hours  an 
addition  of  equal  parts  of  pjxophosphate  and  fused  chloride  ia  made, 
and  the  articles  are  then  subjected  to  a  second  immersion  for  at  least 
two  hours,  by  which  they  receive  a  good  deposit.  Larg^  articles  (as 
culinary  utensilB,  &c.}  coated  in  the  above  solution  are  scratch- 
brushed  after  the  first  and  second  immersions.  The  final  operations 
consist  in  rinsing  the  articles,  and  then  drying  them  in  warm  sawdust 
In  reference  to  the  working  of  the  above  solutions,  Roseleur  says : — 
'*  If  we  find  that  the  tin  deposit  is  grey  and  dull,  although  abundant, 
we  prepare  [?  strengthen]  once  or  twice  with  the  acid  orystaUised 
protochloride  of  tin.  With  a  very  white  deposit,  but  blistered,  and 
without  adherence  or  thickness,  we  replace  the  acid  salt,  by  the  fused 
one.  In  this  latter  case  we  may  also  diminish  the  proportion  of  tin 
salt,  and  increase  that  of  the  pyrophosphate."  For  tinning  zinc  in  a 
pyrophosphate  bath,  the  following  proportions  are  recommended : — 

Protochloride  of  tin  (fused)     .        .        i  kilogramme. 
Pyrophosphate  of  soda     ...        5  Icilogrammes. 
Distilled  water         ....    300  litres. 


Deposition  of  Tin  by  BingU  CMll  Frooew. — ^WeH  makes  a  tinning 
solution  by  dissolving  a  salt  of  tin  in  a  strong  solution  of  caustic 
potash  or  soda ;  a  porous  cell  nearly  filled  with  the  caustic  alkali  (with- 
out the  tin  salt),  and  in  this  metallic  zinc,  with  a  conducting  wire 
attached,  is  placed,  the  end  of  the  wire  being  put  in  contact  with  the 
articles  to  be  tinned.  The  solution  of  zinc  formed  in  the  porous  cell 
during  the  action  is  revived  by  precipitating  the  zinc  with  sulphide  of 
sodium. 

Dr.  HilHOT^g  Bi«tliod  Off  Tinning  Metals. — A  solution  is  pre- 
pared with  I  part  chloride  of  tin  dissolved  in  20  parts  of  water ;  to 
thin  in  added  a  solution  composed  of  2  parts  caustic  soda  and  20  parte 
of  w^ater ;  the  mixture  being  afterwards  heated.  The  articles  to  be 
tinned  are  placed  upon  a  perforated  plate  of  block  tin  and  kept  in  a 
state  of  agitation,  with  a  rod  of  zinc,  until  they  are  sufficientiy  coated. 

Be«ren's  M«tbod  off  Tinning  Dron  Wire. — ^This  consists  in  first 
cleaning  the  wire  in  a  hydrochloric  acid  bath  in  which  a  piece  of  zino 
is  suspended.  The  wire  thus  cleaned  is  then  put  in  contact  with  a 
plate  of  zinc  in  a  bath  composed  as  follows : — 

Tartaric  acid 2  parts. 

Water 100    „ 

To  this  is  added,  3  parts  of  each,  chloride  of  tin  and  soda.  After 
remaining  in  the  above  bath  about  two  hours,  the  wire  is  brightened 
by  drawing  it  through  a  hole  in  a  steel  plate. 
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\  of  na. — Although  the  depoHUtun  of  tin  b; 
Biiii|  le  dipping,  or  by  oonblct  with  zino,  is  exceedingly  useful  for 
small  articles,  and  maj  be  pursaed  bj  persona  totally  ignoTant  of 
aleobo-depoaition,  the  deposition  of  this  metal  by  the  direct  ottirent 
is  far  mora  reliable  when  deposits  of  considerable  thickness  are  desired, 
besideB  being  applioable  to  aiticleB  of  large  dimensionB.    There  have 
been  many  diSereot  processes  recommended— some  of  whioh  have 
been  patented — for  the  electro-depoaition  of  this  metal,  and  serenil  of 
theee  have  been  worked  upon  a  tolerably  extensive  scale.    ITor  many 
pnrposes,  this  exceedingly  pretty  metal,  when  properly  deposited  by 
alectrDlyiUB,  is  very  useful,  but  more  eepeciaUy  for  coating  die  inndea 
of  cast-iron  culinary  veeaela,  oopper  preserving  pans,  and  artiales  o(  a 
Himilar  doeoription.   Thereisone  drawbaekoonaeoted  with  the  eleotn- 
deposition  of  this  metal,  however,  whioh  stands  much  in  the  way  of 
its  practioal  usefulneas,  and  renders  its  deposition  by  separate  current 
more  costly  &an  would  otherwise  be  the  case,  namely,  that  Qie  anodes 
do  not  become  diaaolved  in  the  bath  in  the  same  ratio  as  the  depout 
upon  the  cathode,  oonsequentiy  the  stiength  of  the  bath  requires  to 
be  kept  up  by  constant  additionH  of  some  salt  of  the  metal  to  the  solu- 
tion while  deposition  is  t&Ung  place.     If  this  were  not  done,  the  bath 
would  soon  become  exhausted,  and  cease  to  work  altogether.   To  over- 
come   Utifl    difficulty,   and  to 
keep  up  a  uniform  oundition 
of  the  bath,  the  author  pro- 
posed in  his  former  work  •  the 
following    method  :^ARsage 
above  the  depositiiig  tank  a 
stone  vessel,  capable  of  receiv- 
ing a  lap  (Fig.   i  iS) ;   to  this 
connect   a   vulcanised    india- 
rubber  tube,  reaching  nearly 
to  the  surface  of  the  solution. 
Let  this  jar  be  nearly  flUed 
with  oonoentrated  solution  of 
the  tan  salt   employed,  made 

by  dissolving  the  salt  in  a  por-  fig.  iiS. 

tion  of    the    main    solution. 

'When  the  bath  is  being  worked,  let  the  tap  be  turned  slighUy,  ■□ 
that  the  concentrated  solution  may  drip  or  flow  into  the  depositing 
bath.  When  the  stone  vessel  has  become  empty,  or  nearly  w,  a  fresh 
oonctmtaated  solution  should  be  made,  using  the  liquor  from  tho  bath 
to  a  certain  extent  in  lieu  of  wat^-,  so  a^  not  to  increase  the  bulk  of 

*  **  Slectro-Malallutgy."    Eighth  edition,  p.  241. 
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the  bath  more  than  is  absolutely  necessary.  By  this  method  several 
advantages  are  grained — (i)  By  using  the  weakened  bath  each  time 
to  make  the  concentrated  solution,  there  will  be  but  trifling  addi- 
tion to  the  bulk  of  the  solution ;  (2)  By  allowing  the  concentrated 
solution  to  coniinualiy  enter  the  bath  while  deposition  is  taking  place, 
there  will  be  no  necessity  to  disturb  the  bath  by  stirring  in  a  larger 
quantity  of  the  solution  all  at  one  time.  In  cases  in  which  it  is 
necessary  to  make  additions  of  two  separate  substances,  these  may 
be  introduced  by  employing  two  tapped  vessels  instead  of  one. 

RoseleurU  Solution. — The  bath  which  this  author  recommends  as 
possessing  all  the  conditions  desired  by  the  operator,  is  composed 
of:— 

Protochloride  of  tin  (in  crystaU)  .    600  grammes. 

Pyrophosphate  of  soda  or  potassa  5  kilogrammes. 

Distilled  or  raiu  water         ....    500  litres. 

Instead  of  employing  crystals  of  the  tin  salt,  the  fused  substance  is 
to  be  preferred,  500  grammes  of  which  take  the  place  of  the  former. 
In  making  up  the  bath,  the  water  is  put  into  a  tank  lined  with  anodes 
of  sheet  tin,  imited  together,  and  put  in  connection  with  the  positive 
electrode  of  the  battery  or  other  source  of  electricity.  The  pyro- 
phosphate salt  is  then  put  into  the  tank,  and  the  liquid  stirred  until 
this  is  dissolved.  The  protochloride  is  placed  in  a  copper  sieve,  and  this 
half  immersed  in  the  solution.  A  milky- white  precipitate  is  at  once 
formed,  which  becomes  dissolved  by  agitation.  When  the  liquid  has 
become  clear  and  colourless,  or  slightly  yellow,  the  bath  is  ready  for 
use.  The  cleaned  articles  are  now  to  be  suspended  from  the  negative 
conducting  rods  as  usual. 

**  The  anodes,"  says  Boseleur,  **  are  not  sufficient  to  keep  the  bath 
saturated ;  and  when  the  deposit  takes  place  slowly,  we  add  small  por- 
tions of  equal  weights  of  tin  salt  and  pyrophosphate.  The  solution  of 
these  salts  should  always  be  made  with  the  aid  of  the  sieve,  for  if 
fragments  of  the  protochloride  of  tin  were  to  fall  on  the  bottom  of  the 
batli  they  would  become  covered  with  a  slowly  soluble  crust,  pre- 
venting their  solution."  It  is  stated  that  any  metal  may  be  coated  in 
this  solution  with  equal  facility,  and  that  a  good  protective  coating 
may  be  obtained  with  it,  while  the  metal  has  a  dead  white  lustre 
resembling  that  of  silver,  which  may  be  rendered  bright  either  by 
scratch -brushing  or  by  burnishing.  An  intense  current  is  necessary 
in  working  this  solution. 

Fearn'ii  Process. — ^This  process,  for  which  a  patent  was  granted  in 
1873,  includes  four  different  solutions,  which  may  be  thus  briefly 
described  :  No.  i .  A  solution  of  chloride  of  tin  (containing  but  little 
free  acid)  is  first  prepared,  containing  3  ounces  of  mfft*^!!'^  tin  per 
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gallon;  30  pounds  of  caustic  potash  are  dissolved  in  20  gallons  of 
water ;  30  pounds  of  cyanide  of  potassium  in  20  gallons  of  water ;  and 
30  pounds  of  pTTophospbate  of  soda  in  60  gallons  of  water.  200  ounces 
(by  measure)  of  the  tin  solution  are  poured  slowly,  stirring  with  a 
glass  rod,  into  the  20  gallons  of  potash  solution,  when  a  precipitate  is 
formed,  which  quickly  redissolves ;  into  this  solution  is  poured  first 
all  the  cyanide  solution,  then  all  the  pyrophosphate,  and  the  mixture 
well  stirred.  Ko.  2.  56  pounds  of  sal-ammoniac  are  dissolved  in 
60  gallons  of  water ;  20  pounds  of  pyrophosphate  of  soda  in  40  gallons 
of  water ;  into  the  latter  is  poured  100  ounces  by  measure  of  the 
chloride  of  tin  solution,  and  the  mixture  well  stirred,  when  the  pre- 
cipitate formed  redissolves  as  before.  Lastly,  the  sal-ammoniac  solu- 
tion is  added,  and  the  whole  well  stirred  together.  No.  3.  150  pounds 
of  sal-ammoniac  are  dissolved  in  100  gallons  of  water ;  into  this 
200  ounces  by  measure  of  the  tin  solution  are  poured,  and  weU  stirred 
in.  No.  4.  To  make  this  solution,  400  ounces  of  tartrate  of  potash 
are  dissolved  in  50  gallons  of  water;  1,200  ounces  of  solid  caustic 
potash  in  50  gallons  of  water ;  600  ounces  by  measure  of  the  tin  solu- 
tion are  then  added  slowly,  with  stirring,  to  the  tartrate  solution  ;  the 
caustic  potash  solution  is  next  added,  the  stirring  being  kept  up  until 
the  precipitate  which  forms  has  become  entirely  redissolved. 

In  using  the  above  solutions.  No.  i  is  to  be  worked  at  a  temperature 
of  70°  Fahr.,  with  a  current  from  two  Bunsen  batteries;  No.  2  is 
used  at  from  lOo'*  to  1 10°  Fahr.,  with  a  weaker  current ;  No.  3  is  to 
be  worked  at  70°  Fahr. ;  and  No.  4  may  be  used  cold.  It  is  stated 
that  solutions  i  and  4  yield  thick  deposits  without  requiring  alternate 
deposition  and  scratch-brushing.  Since  during  the  working  less  tin 
is  dissolved  from  the  anodes  than  is  deposited,  the  oxide  or  other  salt 
of  the  metal  must  be  added  from  time  to  time,  except  in  the  case  of 
No.  3,  which  acts  upon  the  anode  more  freely  than  the  others.  In 
tinning  cast  iron  in  these  solutions,  they  require  first  to  have  a  deposit 
of  copper  put  upon  them.  For  tinning  zinc  articles,  No.  i  solution  is 
employed. 

Steele* »  Process. — ^This  process  is  applied  to  coating  articles  of 
copper,  brass,  steel,  iron,  and  zinc  with  tin.  The  solution  is  prepared 
thus:  Dissohre  60  pounds  of  common  soda,  15  pounds  of  pearlash, 
5  pounds  of  caustic  potash,  and  2  ounces  of  cyanide  of  potassium  in 
75  gallons  of  water,  then  filter  the  solution ;  next  add  2  ounces  of 
acetate  of  zinc,  16  pounds  of  peroxide  of  tin,  and  stir  the  mixture 
until  all  is  dissolved,  when  the  solution  is  ready  for  use.  The  solution 
is  to  be  worked  at  about  75°  Fahr. 

In  preparing  articles  for  electro-tinning,  they  must  be  rendered  per- 
fectly clean,  either  by  scouring  or  dipping.  Articles  of  cast  iron  may 
advantageously  be  first  coppered  in  an  alkaline  coppering  bath.   Some- 
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times  a  deposit  of  tin  is  giyen  in  a  boiling-hot  solution  by  the  adnc- 
contact  method,  and  a  stouter  deposit  afterwards  obtained  by  the 
separate  current  in  either  of  the  foregoing  solutions.  The  process  of 
electro -tinning  has  been  much  adopted  in  Franoe,  and  during  the  past 
few  years  there  has  been  considerable  attention  paid  to  it  in  this 
country.     It  has  yet  to  be  developed  into  a  really  extensive  industry. 

Bleetro-Tlnning  81i««t-Xroii. — 8p«ne«'B  Proc— . — ^This  inventor 
says :— *'  When  it  is  desired  to  make  tin  plates  as  cheaply  as  possible, 
I  first  place  the  plates  in  a  solution  of  zinc,  and  deposit  that  metal 
on  the  surface  ;  and  then  put  them  in  a  solution  of  tin,  and  deposit  a 
coating  of  that  metal.  In  manufacturing  these  plates,  I  coat  the 
sheet  iron  with  zinc,  as  before,  and  then  deposit  a  coating  of  lead  by 
electricity."  By  this  method  he  reduces  the  quantity  of  tin  usually 
required  ;  and  in  regfard  to  teme  plates,  he  dispenses  with  the  use  of 
tin  altogether.  When  removed  from  the  bath,  the  electro -tinned 
plates  are  brightened  by  being  placed  in  a  stove  heated  to  a  tempera- 
ture slightly  above  that  at  which  tin  melts  (442°  Fahr.).  As  the  plates 
are  taken  out  of  the  tinning  bath,  they  are  placed  in  a  rack  capable  of 
containing  24  pieces.  These  racks,  as  they  are  filled,  are  placed  in  the 
stove,  where  they  are  allowed  to  remain  until  the  tin  melts  on  the  surface. 
The  plates  are  afterwards  passed  through  rollers,  with  that  edge  first 
which  was  at  the  bottom  of  the  rack.  To  avoid  the  employment  of 
heat,  one  or  more  pairs  of  polished  steel  rollers  may  be  used  in  suc- 
cession, and  so  adjusted  as  to  bear  on  the  plate  with  some  pressure. 
On  removing  the  plates  from  the  bath,  they  are  passed  through  the 
roUers,  which  remove  inequalities  of  the  tin  surface.  To  give  the 
necessary  polish,  the  plates  are  then  placed  on  a  table,  on  which  is  a 
pair  of  rolls  rotating  at  high  speed,  and  coated  with  cloth  or  other 
suitable  material.  These  rolls  are  so  arranged  **  as  to  rotate  in  the 
reverse  direction  to  the  transverse  of  the  plate,  and  hence  the  plate  has 
to  be  pushed  through  them.*' 

S«ooT«ry  of  Tin  from  Tin  Scrap  by  Blootrolyrio. — ^Dr.  J.  H. 
Smith,  in  a  paper  read  before  the  Society  of  Chemical  Industry, 
described  a  method  for  working  up  tin  scrap  which  he  found  to  be 
successful.  The  scrap  to  be  dealt  with  had,  on  an  average,  about 
5  per  cent,  of  tin  and  there  was  a  supply  of  some  6  tons  a  week,  for 
which  quantity  the  plant  was  arrangped.  It  was  designed  to  convert 
the  tin  into  chloride  of  tin  for  dyers*  use,  the  iron  scrap  being  utilised 
as  copperas.  On  the  recommendation  of  Messrs.  Siemens  and  Halske, 
of  Berlin,  one  of  their  dynamos  (C  18),  was  used.  The  machine  in 
question  was  stated  to  give  a  current  ot  240  amperes,  with  an  electro- 
motive force  of  15  volts,  and  an  expenditure  of  7 -horse  power.  Eight 
baths  were  used,  made  of  wood  lined  with  rubber.     They  were 
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I  j  metres  long,  70  centimetres  wide,  and  i  mMre  deep.  The  anodes 
were,  of  coarse,  formed  of  the  tin  scrap,  which  was  packed  in  baskets 
made  of  wood,  and  of  a  size  to  hold  60  kilos  to  70  kilos  of  the  scrap. 
There  was  an  arrangement  for  constantly  agitating  these  baskets  by 
raising  and  lowering  them,  thus  promoting  cironlation  of  the  solution 
and  regfularity  of  action.  The  cathodes  were  copper  plates  i^  milli- 
m^tares  thick  and  1 20  centimetres  long  by  95  centimetres  broad.  There 
were  sixteen  of  these,  placed  two  in  each  tank,  one  on  each  side  of 
the  basket.  The  electrolyte  used  was  sulphuric  acid,  diluted  with 
9  volumes  of  water.  The  tin  precipitated  was  rather  over  2  kilos  per 
hour  ;  it  was  very  pure,  easily  melted  when  required,  and  in  a  form 
very  suitable  for  solution  in  acid  for  preparation  of  tin  salts.  Dr. 
Smith  having  worked  his  process  in  a  district  in  G^ermany^'where  pro- 
bably tin  scrap  was  obtainable  at  a  low  price,  was  enabled  to  show 
that  a  profit  could  be  obtained  upon  the  working.  The  same  results 
might  possibly  be  obtained  in  Birmingham,  London,  and  other  dis- 
tricts where  large  quantities  of  sheet  tin  are  used.  There  have  been 
many  patents  taken  out  for  the  electrolytic  treatment  of  tin  scrap,  but 
the  expense  of  collecting  the  scrap  has  always  been  the  chief  diiBcolty 
in  rendering  such  procesaes  commeroiaUy  available. 


*  For  farther  remarks  on  thia  proce^*   (which   >%iu  not  cuoductcd    in 
Germany,  as  here  sUtttd,  but  iu  Milan),  see  p.  57b. 


CHAPTEE  XXII. 
ELECTRO-DEPOSITION  OF  IRON  AND  ZINC. 

Electro-deposition  of  Iron;  Facing  Engraved  Copper-plates.— Klein's  Pro- 
cess for  Depositing  Iron  upon  Copper.— Jacob!  and  Klein's  Process. — 
Ammonio-sulphate  of  Iron  Solution.— Boettger's  Ferrocyanide  Solution. 
— Ammonio-chloride  of  Iron  Solution.— Sulphate  of  Iron  and  Chloride 
of  Ammonium  Solution.— Electro-deposition  of  Zinc- Zincing  Solu- 
tions.—Person  and  Sire's  Solution.— Deposition  of  Zinc  by  Simple  Im- 
mtrsion. — Hermann's  Zino  Process. 

Bl«etro-dapoaltlon  of  Iron. — Facing  Engrwed  Copper 'plates. — ^The 
extreme  hardness  of  electro-deposited  iron  as  compared  with  copper 
and  type  metal  has  caused  the  electro -deposition  of  iron  to  be 
applied  to  ihe  facing  of  printers'  type  and  engraved  copper-plates,  by 
which  their  durability  is  greatly  augmented.  The  importance  of 
protecting  the  surface  of  engraved  copper-plates  from  the  necessary 
wear  and  tear  of  the  printing  operations  can  scarcely  be  over- 
estimated, and  a  deposit  of  iron  answers  this  purpose  admirably. 
Another  g^reat  advantage  of  the  iron  or  "  steel  facing,"  or,  as  it  is 
termed  in  France,  acierage,  is  that  when  the  deposited  metal  begins  to 
wear  ofP,  the  old  coating  is  readily  removed  from  the  surface  by  means 
of  dilute  sulphuric  acid,  and  another  deposit  given  in  its  place  in 
a  very  short  time.  In  this  way  copper -plates  may  be  preserved 
almost  for  an  indefinite  period,  while  each  impression  from  the  plate 
is  as  sharp  and  distinct  as  another  even  after  a  vast  number  of  copies 
have  been  printed  from  the  same  plate.  This  system  of  facing 
printers'  type  and  engraved  copper-plates — ^which  was  orig^inally  sug- 
gested by  Boettger — and  the  plates  used  for  printing  bank  notes,  has 
been  much  adopted  by  several  large  firms,  including  the  eminent  firm 
by  whom  this  work  was  printed. 

Iron  may  readily  be  deposited  from  a  solution  of  its  most  common 
salt,  the  protosnlphate,  or  green  copperas,  but  for  this  purpose  the 
salt  should  be  as  pure  as  possible.  A  depositing  solution  maj  also  be 
prepared  by  passing  a  strong  current  through  a  large  iron  anode 
suspended  in  a  tolerably  strong  solution  of  sal  ammoniao.  After  the 
electrolytio  action  has  been  kept  up  for  an  hour  or  so,  a  oathode  oi 
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dean  sheet  braaa  or  oopper  ahould  be  substituted,  whioh,  if  the  tola- 
tiun  has  beoome  suflBoientlj  impregnated  with  metal,  will  at  once 
receive  a  coating  of  iron,  of  a  good  white  colour,  though  not  perhaps 
quite  so  bright  as  the  deposit  obtained  from  a  solution  of  the  proto- 
sulphate  of  iron.  An  iron-depositing  solution  may  he  made  in  the 
same  way  by  employing  a  moderately  strong  solution  of  eitiier  acetate 
of  ammonium  or  acetate  of  potassium.  A  mixture  of  two  parts 
sulphate  of  iron  and  one  of  sal  ammonaio  dissolyed  in  water  may  also 
be  employed,  but  the  solution  should  not  be  too  strong,  otherwise  the 
deposit  is  apt  to  be  irregpalar,  and  of  an  indifferent  colour.  In 
making  up  iron  baths  for  the  electro-deposition  of  this  metal,  it  has 
oommonly  been  the  practice  to  employ  somewhat  concentrated  solutions, 
but  the  author,  in  the  course  of  a  long  series  of  experiments,  found 
that  in  most  cases  such  a  condition  was  far  from  being  necessary  and 
that  weaker  baths  frequentiy  yielded  better  results. 

The  author  has  obtained  depoaits  of  iron  from  most  of  its  salts, 
including  those  prepared  with  the  vegetable  adds,  as  the  acetate, 
citrate,  tartrate  of  iron,  &c.,  from  some  of  which  exceedingly  interest- 
ing results  were  obtained,  but  possesRing,  however,  no  practical  signi- 
ficance. The  results  of  some  of  the  more  useful  experiments  ars 
given  in  the  Appendix. 

SleiB's  Proc—  finr  depoeitliis  firon  upon  Oopper. — ^This  process, 
which  from  its  successful  results  obtained  the  recognition  and  support 
of  the  Russian  Gk)vermnent,  is  specially  applicable  to  the  production 
of  electrotypes,  as  a  substitute  for  those  produced  from  copper,  and  is 
stated  to  be  eminently  successful  in  bank-note  printing.  The  solution 
is  prepared  in  a  very  simple  way,  as  follows  : — ^A  solution  of  sulphate 
of  iron  is  first  made,  and  to  this  is  added  a  solution  of  carbonate  of 
ammonia  until  all  the  iron  is  thrown  down.  The  precipitate  is  then 
to  be  washed  cevcral  times,  and  afterwards  dissolved  by  sulphuric 
add,  care  being  taken  not  to  use  an  excess  of  acid.  The  solution  is 
to  be  used  in  as  concentrated  a  state  as  possible.  To  prevent  the  iron 
bath  from  becoming  acid  by  working,  a  very  large  iron  anode  is 
employed — about  eight  times  larger  in  surface  than  that  of  the  copper 
cathode  to  be  coated.  After  working  this  bath  for  some  time,  M. 
Klein  found  that  the  deposition  became  defective,  and  this  he  dis- 
covered was  due  to  the  presence  of  acid  in  the  bath,  owing  to  the 
anode  not  having  supplied  the  solution  with  its  proper  equivalent  of 
iron  to  replace  that  which  had  been  deposited.  To  overcome  this,  he 
attached  a  copper  or  platinum  plate  to  the  anode,  by  which  the  two 
plates  formed  a  separate  voltaic  pair  in  the  liquid,  causing  the  iron 
(the  positive  metal)  to  become  dissolved,  while  the  battery  current  was 
not  passing  through  the  bath.  It  is  stated  that  the  iron  deposited  by 
this  process  is  as  hard  as  tempered  steel,  but  very  brittle ;  it  may. 
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however,  be  rendered  malleable  by  annealing',  when  it  may  be  engrayed 
upon  as  easily  aH  Hoft  steel.  The  following  process  is  g^ven  for  copy- 
ing engraved  metal  plates  in  electrotype,  and  then  giving  them  a 
surface  of  iron. 

To  Copy  Engraved  Metal  Pinies  and  Face  them  with  Iron. — "  If  the 
plate  be  of  steel,  boil  it  one  hour  in  caustic  potash  solution.  Brush 
and  wash  it  well.  Wipe  it  dry  with  a  rag,  and  then  with  one 
moistened  with  benzine.  Melt  six  pounds  of  the  best  gputta-percha 
very  slowly  indeed,  the  gum  being  previously  cut  up  into  very  small 
pieces.  Add  to  it  three  pounds  of  refined  lard,  and  thoroughly  incor- 
porate  the  mixture.  Pour  the  melted  substance  upon  the  centre  of  the 
plate.     Allow  it  to  stand  twelve  hours,  and  then  take  the  copy  off. 

**  Phosphoric  Solution. — Dissolve  a  fragment  of  phosphorus  half -an - 
inch  in  diameter  in  one  teaspoonful  of  bisulphide  of  carbon,  add  a 
similar  measure  of  pure  benzine,  three  drops  of  sulphuric  ether,  and 
half-a-pint  of  spirit  of  wine.  Wash  the  mould  twice  with  this  solu- 
tion, allowing  it  to  dry  each  time. 

"  Silver  Solution. — Dissolve  one-sixth  of  an  ounce  of  nitrate  of  silver, 
in  a  mixture  of  half-a-pint  of  strong  alcohol  and  half  a  teaspoonful 
of  acetic  acid ;  wash  the  mould  once  with  this  liquid,  and  allow  it  to 
dry. 

**  Copper  Solution. — ^Dissolve  fifty-six  pounds  of  sulphate  of  copper  in 
nineteen  gallons  of  water,  and  add  one  gallon  of  oil  of  vitriol.  De- 
posit a  plate  of  copper  upon  the  mould  in  this  solution. 

**  Iron  Solution. — ^To  coat  the  copper  plate  with  a  surface  of  iron, 
dissolve  fifty-six  pounds  of  carbonate  of  ammonium  in  thirty-five 
gallons  of  water.  Dissolve  iron  into  the  liquid,  by  means  of  a  clean 
anode  of  charcoal  iron  and  a  current  from  a  battery.  Clean  the  anode 
frequently,  and  add  one-pound  of  carbonate  of  ammonium  once  a 
week.  The  copper  plate,  before  receiving  the  deposit,  should  be 
cleansed  with  pure  benzine,  then  with  caustic  potash,  and  thoroughly 
with  water.  Immerse  the  cathode  in  the  iron  solution  for  four 
minutes,  take  it  out,  wash,  scrub,  replace  in  the  vat,  remove  and 
brush  it  every  five  minutes,  until  there  is  a  sufficient  deposit ;  then 
wash  it  thoroughly,  well  dry,  oil,  and  rub  it,  and  dean  with  benzine' 
If  it  is  not  to  be  used  at  once,  coat  it  with  a  film  of  wax.'* 

JaeoM  and  Ktoln's  Vtogmw. — For  depositing  iron  upon  moulds  for 
reproducing  engraved  surfaces  and  for  other  useful  purposes,  the  fol- 
lowing process  is  given.  A  bath  is  prepared  with  a  solution  of  sul- 
phate of  iron,  with  the  addition  of  either  sulphate  of  ammonia, 
potash,  or  soda,  which  form  double  salts  with  the  salt  of  iron.  The 
bath  must  be  kept  as  neutral  as  possible,  though  a  small  quantity  of 
a  weak  organic  acid  may  be  added  to  prevent  the  precipitation  oi 
aalts  of  peroxide  of  iron.     A  small  quantity  of  gelatine  improves  the 
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texture  of  the  deposit.  To  accelerate  the  rapidity  of  the  deposit,  and 
favour  it8  uniform  depositiou,  the  flolution  should  be  warm.  The  anodes 
employed  are  larg^e  iron  plates,  or  bundles  of  iron  wire,  and  since  it  is 
found  that  the  anodes  do  not  dissolve  with  sufficient  rapidity  to  keep 
~  up  the  normal  metallic  strengfth  of  the  bath,  the  inventors  have  found  it 
useful  to  employ  anodes  of  gas  carbon,  copper,  or  platinum — or  any 
metal  which  is  electro -negative  to  iron — ^as  well  as  the  iron  anodes  ; 
or  these  auxiliary  anodes  may  be  placed  in  separate  porous  cells, 
excited  by  dilute  sulphuric  or  nitric  acid,  or  the  nitrates  or  sulphates 
of  potash  or  soda.  The  current  employed  is  either  from  one  or  two 
Daniell  cells  only,  or  from  a  single  Smee,  the  size  of  which  is  propor- 
tionate to  the  surface  of  the  cathode.  The  Daniell  celln  should  have 
a  large  surface,  and  the  zinc  be  excited  by  a  solution  of  sulphate  of 
magnesia  instead  of  dilute  sulphuric  acid.  It  is  said  to  be  "  indispen- 
sable that  the  current  should  be  regulated  and  kept  always  uniform 
with  the  assistance  of  a  galvanometer  having  but  few  coils,  and  there- 
fore oifering  only  a  small  resistance.  The  intensity  of  the  current 
ought  to  be  such  as  to  admit  only  of  a  slight  evolution  of  gas  bubbles 
at  the  cathode ;  but  it  would  be  prejudicial  to  the  beauty  of  the 
deposit  if  gas  bubbles  were  allowed  to  adhere  to  its  surface.**  In 
working  this  process,  the  same  moulds  used  for  electrotyping  may  be 
employed ;  but  it  is  advisable  in  using  lead  or  gutta-percha  moulds 
to  first  coat  them  with  a  film  of  copper  in  the  usual  way,  and  after 
rinsing  to  place  them  at  once  in  the  iron  solution.  The  film  of  copper 
may  be  afterwards  removed,  either  by  mechanical  means  or  by  dipping 
in  strong  nitric  acid. 

The  following  formula  is  given  for  the  composition  of  the  iron 
bath:— 

Sulphate  of  iron 139  parts. 

„  magnesia      ....    223    „ 

These  substances  are  to  be  dissolved  together  in  hot  water,  with  the 
addition  of  a  little  oxalic  acid  and  some  iron  shavings.  This  solution 
should  be  kept,  in  its  concentrated  condition,  in  well-stoppered  glass 
lx)ttles  or  carboys,  and  when  required  for  use  must  be  diluted  until 
it  has  a  specific  g^vity  of  i  *  155  (water  being  i  'Ooo).  When  working 
this  solution,  the  oxide  of  iron  which  appears  at  the  surface  of  the 
liquor  must  be  skimmed  off,  with  some  of  the  solution,  and  shaken 
up  in  a  bottle  with  a  little  carbonate  of  magnesia,  and  after  settling, 
the  clear  liquor  may  be  returned  to  the  bath.  To  prevent  air-bubbles 
from  adhering  to  the  mould,  while  in  the  bath,  the  mould  may  be 
first  washed  with  alcohol,  and  afterwards  with  water ;  it  is  then  to  be 
placed  in  the  bath  before  it  has  time  to  become  dry.  It  is  said  that 
the  iron  deposited  by  this  process  is  very  hard  and  brittle,  therefore 
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much  care  muBt  be  taken  to  avoid  breaking  the  electro -deposit  when 
separating*  it  from  the  mould.  When  annealed,  however,  the  iron 
acquires  the  malleability  and  softness  of  tempered  steel,  and  has  a 
remarkably  fine  appearance  when  brushed  with  carbonate  of  mag- 
nesia. 

Amongst  the  numerous  solutions  recommended  for  the  electro- 
deposition  of  iron,  we  select  the  following  : — 

Anunonlo-siilpliate  of  Iron  8olatloB. — This  double  salt,  which 
was  first  proposed  by  Boettger  for  depositing  this  metal,  may  be  readily 
prepared  by  evaporating  and  crystallising  mixed  solutions  of  equal 
parts  .of  sulphate  of  iron  and  sulphate  of  ammonia ;  a  solution  of  the 
double  salt  yields  a  fine  white  deposit  of  iron  with  a  moderate  current, 
and  has  been  very  extensively  employed  in  **  facing  "  engraved  copper- 
plates. When  carefully  worked,  this  is  one  of  the  best  solutions  for 
the  deposition  of  iron  upon  copper  surfaces. 

Bo«tt8«r's  Pwrocyaald»  Bolntion. — This  solution,  which  is  con- 
sidered even  better  than  the  former  for  coating  engraved  copper-plates 
with  iron,  is  formed  by  dissolving  ro  grammes  of  ferrocyanide  of  potas- 
sium (yellow  prussiate  of  potash)  and  20  grammes  of  Bochelle  salt  in 
200  cubic  centimetres  of  distilled  water.  To  this  solution  is  added  a 
solution  consisting  of  3  grammes  of  persulphate  of  iron  in  50  cubic 
centimetres  of  water.  A  solution  of  caustic  soda  is  next  added,  drop 
by  drop,  with  constant  stirring,  to  the  whole  solution,  until  a  per- 
fectly clear  light  yellowish  liquid  is  obtained,  which  is  then  ready  for 
immediate  use. 

Mr.  Walenn  obtained  good  results  from  a  slightly  acid  solution  of 
sulphate  of  iron  (i  part  to  5  of  water).  Sulphate  of  anmionia,  how- 
ever, was  found  to  increase  the  conductivity  of  the  solution. 

A mmrnito-dilcBrlde  of  Xron  Bolntioiiy  made  by  adding  sal-ammo- 
niac to  a  solution  of  protochloride  of  iron,  may  also  be  used  for  de- 
positing iron,  a  moderately  strong  current  being  employed.  When 
carefully  prepared  and  worked,  this  solution  is  capable  of  yielding 
very  good  results,  but  it  has  these  disadvantages :  the  solution  becomes 
turbid,  and  a  shiny  deposit  is  apt  to  form  upon  the  electrodes.  It  is 
a  common  defect  in  iron  solutions  that  they  are  liable  to  undergo 
change  by  absorbing  oxygen  from  the  air.  To  overcome  this,  Klein 
adopted  the  ingenious  expedient  of  adding  glycerine  to  the  solution, 
by  which  he  was  enabled  to  keep  his  solution  bath  tolerably  clear, 
except  on  the  surface,  upon  which  a  shiny  foam  accumulated,  which 
became  deposited  upon  the  articles  in  solution.  To  prevent  the  air 
from  injuriously  affecting  the  baths,  it  is  advisable  that  tihe  depositing 
vessel  should  be  kept  covered  as  far  as  practicable. 

Snlphata  of  Zkon  and  Chloride  of  Anunoniiun  Solntton. — ^The 
addition  of  chloride  of  ammonium  (sal-ammoniac)  to  sulphate  of  iron 
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Bolation  improves  the  character  of  the  deposit  while  improving  the 
oonductivity  of  the  solution.  Meidinger  found  that  engraved  copper- 
plates coated  with  iron  in  a  bath  Hivlb  composed  were  capable  of 
jrielding  from  5,000  to  15,000  impressions.  * 

lll»etro-d«pocition  of  Zinc — Watt^t  Solution, — ^The  deposition  of 
this  metal  has  never  attained  the  dignity  of  a  really  practical  art.  In 
the  earlier  periods  of  electro-deposition  many  iron  articles,  including  the 
sheet  metal,  were  coated  with  zinc  by  this  means,  to  protect  them  from 
rust,  or  oxidation,  but  it  wa«  soon  found  that  the  porous  and  granular 
nature  of  the  coating,  instead  of  acting  as  a  preservative  from  rust, 
greatly  aeo$lerated  the  action  of  moisture  upon  the  underlying  metal 
(iron)  by  promoting  electro-chemical  action. 

The  process  of  galoaniting  iron,  as  it  is  fancifully  termed — ^by  which 
artidee  of  this  metal  are  dipped  into  a  bath  of  molten  zinc — soon 
proved,  although  not  wholly  &ultless,  so  superior  to  that  of  electro- 
zincing,  that  it  became  generally  adopted  to  the  entire  exclusion  of  the 
latter.  There  are  many  purposes — gauze  wire,  for  example — to  which 
the  process  of  ''galvanising"  is  inapplicable,  and  for  which  a  good 
elec^-depoeit  of  zinc  would  be  specially  serviceable.  To  obtain  a 
solution  which  would  give  a  good  reguline  deposit  of  zinc  suitable 
for  such  purposes,  the  author,  after  a  long  series  of  experiments, 
succeeded  in  forming  a  solution,  for  which  he  obtained  a  patent 
in  1855,  from  which  he  obtained  some  exceedingly  beautiful  de- 
posits, possessing  the  fullest  degree  of  toughness  which  this  metal 
exhibits  when  in  a  perfectly  pure  state.  The  most  satisfactory 
result  was  obtained  by  dissolving  the  best  milled  zinc  in  a  strong 
solution  of  cyanide  of  potassium,  with  the  addition  of  liquid  ammonia, 
by  means  of  a  strong  voltaic  current.  The  process  is  briefly  as  fol- 
lows :  200  ounces  of  cyanide  of  potassium  are  dissolved  in  20  gallons 
of  water ;  to  this  solution  is  added  80  ounces,  by  measure,  of  strong 
liquid  ammonia.  The  whole  are  then  well  stirred  together.  Several 
large  porous  cells  are  then  filled  with  the  solution,  and  these  are 
placed  upright  in  the  vessel  containing  the  bulk  of  the  solution,  the 
liquids  in  each  vessel  being  at  an  equal  height.  Strips  of  copper  are 
then  connected  by  wires  to  the  negative  pole  of  a  compound  Bunsen 
battery  of  two  or  more  cells,  and  these  strips  are  immersed  in  the 
porous  cells.  A  large  anode  of  good  milled  zinc,  previously  well 
deaned,  is  now  connected  to  the  positive  pole  of  the  battery,  and  the 
plate  suspended  in  the  larger  vessel.  The  voltaic  action  is  to  be 
kept  up  until  the  zinc  has  become  dissolved  to  the  extent  of  about 
60  ounces,  or  3  ounces  to  each  g^on  of  solution.  To  this  solution  is 
added  80  ounces  of  carbonate  of  potash,  by  dissolving  it  in  portions  of 
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the  solution  at  a  time,  and  returning  the  dissolved  salt  to  the  bath. 
The  porous  cells  being'  removed,  the  solution  is  allowed  to  rest  for 
ilbout  twelve  hours,  when  the  clear  liquor  is  to  be  transferred  to 
another  vessel,  the  last  portions,  containing  sedimentary  matter,  being 
filtered  into  the  bath. 

Treparvng  Cast  and  Wrought  Iron  Work  for  Zincing. — ^The  artioles 
require  to  be  first  dipped  for  a  short  time  in  a  hot  potash  bath,  after 
which  they  are  to  be  well  rinsed.  They  are  next  steeped  in  a  ' '  pickle  " 
composed  of  oil  of  vitriol  half-a-pound,  water  i  g^on.  As  soon  as 
the  black  coating  of  oxide  yields  to  the  touch  the  articles  are  removed 
and  plunged  into  dean  cold  water ;  they  are  then  taken  out  one  by  one 
and  well  brushed  over  (using  a  hard  brush)  with  sand  and  water ;  if 
any  oxide  still  remains  upon  the  surface,  the  articles  must  be  immersed 
in  the  pickle  again,  and  allowed  to  remain  therein  until,  when  the 
brushing  is  again  applied,  they  readily  become  cleaned.  They  are 
now  to  be  well  rinsed,  and  at  once  suspended  in  the  zincing  bath,  in 
which  they  should  remain  for  a  few  minutes,  then  taken  out  and  ex- 
amined ;  and  if  any  parts  refuse  to  receive  the  deposit,  these  must  be 
again  well  sand-brushed  or  scoured,  the  article  being  finally  brushed 
all  over,  again  rinsed,  and  placed  in  the  depositing  bath,  where  they 
are  allowed  to  remain  until  sufficientiy  coated.  An  energetic  current 
from  at  least  two  3 -gallon  Bunsen  cells,  where  a  dynamo-machine  is 
not  used,  is  necessary  to  obtain  a  good  deposit.  The  articles  may  be 
rendered  bright  by  means  of  the  scratch -brush,  but  larg^  articles 
may  be  sufficientiy  brightened  by  means  of  sand  and  water,  with 
the  assistance  of  soap.  When  finished  they  should  be  dipped  into 
hot  water,  and  may  then  be  further  dried  by  means  of  hot  sawdust. 
The  anodes  should  be  of  the  best  milled  zinc,  and  well  cleaned  before 
using. 

Zineins  Bolntloiis. — For  the  electro -deposition  of  zinc,  solutions  of 
the  sulphate,  ammonio- sulphate,  chloride,  and  ammonio-chloride  may 
be  employed,  as  also  alkaline  solutions  prepared  by  dissolving  zino 
oxide  or  carbonate  in  a  solution  of  cyanide  of  potassium  or  caustic 
potassa ;  the  deposit  from  either  of  these  alkaline  solutions  is  g^eraUy 
of  very  good  quality,  and  if  too  strong  a  current  be  not  employed, 
the  deposited  metal  is  usually  very  tough. 

F«raon  and  Bird's  Bolntion. — ^This  consists  of  a  mixture  of  1  part 
of  oxide  of  zinc  dissolved  in  100  parts  of  water,  in  which  10  parts  of 
alum  have  been  previously  dissolved  at  the  ordinary  temperature.  The 
current  from  a  single  battery  cell  is  employed,  and  the  anode  surface 
should  be  about  equal  to  that  of  the  articles  to  be  coated,  when,  it  is 
stated,  the  deposition  proceeds  as  easily  as  that  of  copper,  and  takes 
place  with  equal  readiness  upon  any  metal. 

D«po«ltloii  of  ZlBo   by  Blmple  XmiiMnioii.  —  According  to 
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Roqne,  cast  and  wronght-iron  artioles  may  be  coated  with  zinc  in  the 
following  way : — ^A  mixtoie  is  first  made  consisting  of  (by  measure) 
hydroohloiio  acid  550  parts,  solplmrio  acid  60  parts,  water  1,000 
parts,  and  glycerine  20  parts.  The  iron  articles  are  first  pickled  in  this 
mixture  and  then  placed  in  a  solution  composed  of  carbonate  of 
potassa  1  part  and  water  10  parts.  The  articles  are  next  to  be 
mmiersed  from  three  to  twelve  hours  in  a  mixtnre  composed  as 
follows: — water  1,000,  chloride  of  aluminium  10,  bitartrate  of 
potassium  8,  chloride  of  tin  6,  chloride  of  zinc  4,  and  add  sulphate  of 
aluminium  4  parts.  The  thickness  of  the  deposit  is  regulated  by 
the  length  of  the  immersion. 

Bennaim'a  Zinc  Frooesa. — By  this  process,  which  was  patented 
in  Grermony  in  1883^  zinc  is  dejx^sited  by  electrolysis  from  dilute  solu- 
tions of  sulphate  of  zinc  with  the  aid  of  sulphates  of  the  alkalies,  or 
alkaline  earths — ^potassium,  sodium,  ammonium,  strontium  magne- 
sium, or  aluminium — either  added  singly,  or  mixed  together.  The 
addition  of  these  salts  is  only  advantag^us  when  dilute  solutions  of 
sulphate  of  zinc  are  to  be  treated.  According  to  TTiliiLni^  during  the 
electrolysis  of  a  solution  of  sulphate  of  zinc  of  I '33  specific  gravity 
(the  anodes  and  cathodes  consisting  of  zinc  plates),  the  evolution  of 
gras  is  greatest  with  a  weak  current,  diminishing  with  an  increasing 
current,  and  ceasing  when  on  one  square  centdmdtre  electrode  surface, 
three  milligrammes  of  zinc  are  precipitated  per  minute.  The  deposit 
obtained  with  a  strong  current  was  very  firm.  From  a  10  per  cent, 
solution  the  deposit  was  best  with  a  current  yielding  from  0*4  to  0*2 
milligpramme  of  zinc.  From  very  dilute  solutions  the  zinc  was  always 
obtained  in  a  spongy  condition,  accompanied  by  copious  evolutions  of 
hydrogen.  With  a  weak  current  and  from  a  i  per  cent,  solution, 
oxide  of  zinc  was  also  precipitated,  even  with  an  electro-motive  force 
of  17  volts,  when  only  0'0755  milligramme  of  zinc  per  minute  was 
deposited  on  one  square  centimetre  of  cathode  surface.  The  size  of 
the  electrode  surfaces  must  therefore  be  adjusted  aooording  to  the 
strong^  of  the  current  and  the  degree  of  concentration  of  the  elec- 
trolyte.* 

*  For  further  detaih  concerning  the  electro-deposition  of  zinc,  see  p.  631. 


CnAPTEB  XXIII. 

ELEOTEO-DEPOSinON  OF  VARIOUS  METALS. 

Electro-deposition  of  Platinum.  —  Electro-deposition  of  Cobalt  —  Electro- 
deposition  of  Palladium.  —  Deposition  of  Bismuth.  —  Deposition  of 
Antimony. — Deposition  of  Lead. — Metallo-Chromes.  —  Deposition  of 
Aluminium. — Deposition  of  Cadmium. — Deposition  of  Chromium. — 
Deposition  of  Manganium. — Deposition  of  Magnesium. — Deposition  of 
Silicon. 

Thebe  are  many  metals  which  have  been  deposited  by  electrolysLs 
more  as  a  matter  of  fact  than  as  presenting  any  practical  advantage 
in  a  conunercial  sense ;  others,  again,  possessing  special  adyantages 
which  would  render  their  saooessful  deposition  a  matter  of  some 
importance,  have  been  the  subject  of  much  exx>eriment,  in  the  hope 
that  the  difficulties  which  stood  in  the  way  of  their  being  practically 
deposited  for  useful  purposes  could  be  oreroome.  Of  these  hitter, 
the  intractable  but  most  valuable  metal,  platinum,  may  be  considered 
the  most  important. 

Bteetro-d^poaltloii  of  natmim. — The  peculiar  attributes  of  this 
interesting  metal — its  resistance  to  the  action  of  oorrosiTe  acids,  and 
of  most  other  substances,  render  it  invaluable  in  the  construction  of 
chemical  apparatus,  while  its  high  cost,  its  infusibility,  and  the  g^reat 
difficulty  experienced  in  giving  this  metal  any  required  form,  greatly 
limit  the  area  of  its  usefolness.  If,  however,  articles  of  copper, 
brass,  or  Gkrman  silver — metals  which  may  be  so  readily  put  into  ehape 
by  casting,  stamping,  or  by  any  ordinary  mechanical  means — could 
be  successfully  and  eoonomioaUy  coated  with  platinum,  this  branch  of 
the  art  of  electro-deposition  would  soon  meet  with  considerable  sup- 
port from  the  manufaeturers  of  chemical  apparatus,  as  also  from 
opticians,  who  woxild  gladly  adopt  electro-platinised*  articles  for 
many  purposes  of  their  art. 

*  To  contradistinguish  the  art  of  depositing  bright  reg^line  platinum  upon 
metals  from  the  process  of  platinising,  devised  by  Smee  for  imparting  a 
black  powdery  film  upon  silver  for  the  negative  plates  of  voltaic  batteries, 
the  term  platinating  has  been  proposed,  but  we  would  suggest  that  a  simpler 
term  would  be  platining.  mectro-platinising  would  be  a  more  correct  term 
than  platinating. 
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One  great  difficulty  that  stands  in  the  way  of  depositmpf  platinum 
economically  and  of  any  required  thickneBR  is  that  the  anodes  do  not 
dissolve  in  the  solutions  which  have  as  yet  been  adopted  for  its  depo- 
sition ;  consequently,  unless  repeated  additions  of  a  platinum  salt  are 
made  as  the  solution  becomes  exhausted,  it  is  impossible  to  obtain  a 
coating  of  sufficient  thickness  for  any  practical  purpose.  In  order  to 
meet  this  difficulty  in  some  degree,  the  author  suggested  in  his  former 

work  that  the  strength  of  the  solution  may 
be  kept  up  in  the  same  way  as  he  recom- 
mended for  electro-tinning ;  that  is  to  say,  a 
reservoir,  containing  concentrated  platinum 
solution,  is  placed  upon  a  shelf  a  little 
above  the  electro-platinising  bath  (Fig. 
118),  and  the  strong  liquid  is  allowed  to 
drip  or  flow  out  through  a  tap  in  the  reser- 
voir, and  trickles  at  any  required  speed, 
into  the  solution  bath,  whils  depoiition  is 
Jg-  119-  ffoinff  on,  and  in  this  way  the  strength  of 

the  bath  may  be  kept  up  to  any  desired  density.  For  small  quanti- 
ties of  solution,  the  funnel  arrangement  shown  in  Fig.  119  may  be 
adopted.  The  concentrated  platinum  solution  being  made  in  part 
from  a  portion  of  the  larger  solution,  instead  of  with  water,  the 
original  quantity  of  the  liquid  may  be  very  fairly  balanced.  For 
example,  if  we  take,  say,  one  quart  of  the  platinising  solution  and 
add  to  this  a  considerable  proportion  of  platinum  salt  and  the  solvent 
employed  in  its  preparation,  so  as  to  make  as  strong  a  solution  as 
possible,  when  this  is  added  and  returned  to  the  bath  in  the  way  above 
indicated,  it  will  not  add  much  to  its  original  bulk.  By  weighing 
the  articles  before  and  after  immersion,  the  weight  of  metal  deposited 
may  soon  be  ascertained  (the  time  occupied  being  noted),  and  if  the 
exact  percentage  of  metal  in  the  concentrated  liquor  is  previously 
determined,  there  will  be  no  difficulty  in  determining  at  what  speed 
the  strong  solution  should  be  allowed  to  flow  into  tiie  batb  to  keep 
it  up  to  the  proper  strength.  Another  suggestion  we  have  to  make 
is  this :  since  the  platinum  anode  does  not  become  dissolved  during 
electrolysis,  a  carbon  anode  may  be  substituted,  which,  in  large  opera- 
tions, would  add  much  to  the  economy  of  the  process. 

Preparation  of  Chloride  of  Fhtinum. — As  in  the  case  of  gold,  this 
metal  must  first  be  dissolved  in  aqita  reffia,  to  form  chloride  of  platimmi, 
previous  to  making  up  either  of  the  baths  about  to  be  described.  For 
this  purpose,  fragments  of  platinum,  which  may  be  pieces  of  foil  or 
wire,  are  put  into  a  glass  flask,  and  upon  them  is  to  be  poured  two  to 
three  parts  of  hydrochloric  acid  and  one  part  nitric  acid  ;  the  flask  is 
then  placed  on  a  sand  bath,  and  gently  heated  until  the  red  fumes  at 
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first  given  off  cease  to  appear  in  the  bulb  of  the  flask.  A  solution  of 
a  deep  red  colour  is  formed,  which  must  now  be  carefully  poured  into 
a  porcelain  evaporating  dish,  placed  on  the  sand  bath,  and  heated 
until  nearly  dry,  moving  the  vessel  about,  as  recommended  in 
treating  chloride  of  gold,  until  the  thick  blood-red  liquor  ceases  to 
flow,  at  which  period  the  vessel  may  be  set  aside  to  cool.  Any  undis- 
solved platinum  remaining  in  the  flask  may  be  treated  with  nitro- 
hydrochloiio  acid  as  before  until  it  is  all  dissolved.  The  dry  mass  is  to 
be  dissolved  in  distilled  water,  and  the  subsequent  solution,  after 
evaporation,  added  to  it.  If  the  original  weight  of  the  platinum  is 
known,  it  is  a  good  plan  to  dissolve  the  dried  chloride  in  a  definite 
quantity  of  distilled  water,  so  that  ui  using  any  measured  portion  of 
the  solution,  the  percentage  of  actual  metal  used  may  be  fairly  deter- 
mined when  making  up  a  solution. 

Cyanide  of  Flaiinum  Solution. — ^Take  a  measured  quantity  of  the 
chloride  of  platinum  solution  representing  about  five  pennyweights  of 
metal,  and  add  sufficient  distilled  water  to  make  up  one  pint.  Now 
add  of  strong  solution  of  cyanide  sufficient  to  precipitate  and  redis- 
Bolve  the  platinum ;  add  a  little  in  excess,  filter  the  solution,  and 
make  up  to  one  quart  with  distilled  water.  The  solution  must  be 
heated  to  about  130°  Fahr.  when  using  it.  A  rather  weak  current 
from  a  WoUaston  or  Daniell  battery  should  be  used ;  if  too  strong  a 
current  be  applied,  the  deposit  will  probably  assume  the  form  of  a 
black  powder. 

Depotition  hy  Simple  Immersion. — ^Platinum  readily  yields  itself  up 
when  brass,  copper,  G^erman  silver,  &c.,  are  immersed  in  its  solutions, 
but  the  deposit  is  of  little  or  no  practical  use.  It  may  also  be  depo- 
sited from  its  solution  by  contact  with  zinc  as  follows : — Powdered 
carbonate  of  soda  is  added  to  a  strong  solution  of  chloride  of  platinum 
until  no  further  effervescence  occurs ;  a  little  glucose  (g^pe  sugar)  is 
then  added,  and  lastiy,  as  much  common  salt  as  will  produce  a  whitish 
precipitate.  The  articles  of  brass  or  copper  are  put  into  a  zinc 
colander  and  immersed  in  the  solution,  heated  to  about  140°  Fahr., 
for  a  few  seconds,  then  rinsed  and  dried  in  hot  sawdust. 

Deposition  by  Battery  Current. — ^Roseleur  describes  a  solution  from 
which  he  obtained  platinum  deposits  of  considerable  thickness.  The 
solution  is  prepared  as  follows : — 

Platinum,  converted  into  chloride   .        .        10  parts. 
Distilled  water ...  •        •      Soo    „ 

Dissolve  the  chloride  in  the  water,  and  if  any  cloudiness  appears  in 
the  solution,  owing  to  the  chloride  having  been  over-heated  during 
the  last  stage  of  the  evaporation,  it  must  be  passed  through  a  filter. 
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Pboephate  of  ammonia  (crystaUised)  loo  parts. 

Difltilled  water 500    „ 

Dissolye  the  phosphate  in  the  above  quantity  of  water,  and  add  the 
liquid  to  the  platinum  solution,  with  brisk  stirring,  when  a  copious 
precipitate  will  be  formed.    To  this  is  next  added  a  solution  of — 

Phosphate  of  soda S^^o  parts. 

Water  (distilled) x,ooo    „ 

The  above  mixture  is  to  be  boiled  until  the  smell  of  ammnnia  ceases 
to  be  apparent,  and  the  solution,  at  first  alkaline,  reddens  blue  litmus 
paper.  The  yellow  solution  now  becomes  colourless,  and  is  ready  for 
use.  This  solution,  which  is  to  be  used  hot,  with  a  strong  battery 
ourrent,  is  recommended  for  depositing  platinum  upon  copper,  brass, 
and  Gkfrman  silver,  but  is  unsuited  for  coating  zinc,  lead,  or  tin,  since 
these  metals  decompose  the  solution  and  become  coated  in  it  by  simple 
immersion.  Since  the  platinum  anode  is  not  dissolved  in  this  solu- 
tion, fresh  additions  of  the  chloride  must  be  made  when  the  solution 
has  been  worked. 

Boetiger^B  Solution  for  Depositing  Flatinum  consists  of  a  boiling-hot 
mixture  of  chloride  of  platinum  solution  and  chloride  of  ammonia 
(sal-ammoniac),  to  which  a  few  drops  of  liquid  ammonia  are  added. 
The  solution,  which  is  weak  in  metal,  requires  to  be  revived  from  time 
to  time  by  additions  of  the  platinum  salt.* 

Bleetso-d^poailioa  of  Cobalt. — Until  somewhat  recentiy  the  elec- 
tro-deposition of  cobalt  had  chiefly  been  of  an  experimental  character, 
based  upon  the  belief,  however,  that  this  metal,  if  deposited  under 
favourable  conditions,  was  susceptible  of  some  useful  applications  in 
the  arts.  The  difficulty  of  obtaining  pure  cobalt  anodes — as  was  the 
case  with  nickel  until  a  comparatively  few  years  ago— as  a  commer* 
dal  article,  stood  in  the  way  of  those  practical  experimentalists  who 
would  be  most  likely  to  turn  the  electro-deposition  of  this  metal  to 
account.  Moreover,  the  extremely  high  price  of  the  metal,  even  if 
rudely  cast  in  the  form  of  an  ingot,  rendered  its  practical  application 
all  but  impossible.  That  unfavourable  epoch  is  now  passed,  and  we 
have  cobalt  anodes  and  **  salts  "  in  the  market,  as  easily  procurable, 
though  not,  of  course,  at  so  low  a  price,  as  the  corresponding  nickel 
products.  The  author  is  indebted  to  the  courtesy  of  the  enterprising 
firm  of  cobalt  and  nickel  refiners,  Messrs.  Henry  Wiggin  &  Co.,  of 
Birmingham,  for  some  excellent  examples  of  their  single  and  double 
cobalt  salts  and  rolled  cobalt  anodes,  and  is  thus  enabled  to  state  that 
those  who  may  desire  to  embark  in  the  electro-deposition  of  this 
metal  can  readily  obtain  the  chief  requisites,  the  salts  and  anodes,  in 

*  For  further  details  concerning  the  electro-deposition  of  platiiiam,  see 
pp.  441, 443. 
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any  desired  quantity  from  this  firm  at  the  following  rates : — ^Rolled 
and  oast  cobalt  anodes,  168.  per  lb.;  single  cobalt  salts,  $8.  6d.  per  lb. ; 
double  cobalt  salts,  4s.  6d.  per  lb. 

Characteristics  of  Cobalt. — Believing  that  this  metal  is  destined  to 
take  an  important  position  in  the  art  of  electro -deposition  at  no  dis- 
tant period,  a  few  remarks  upon  its  history,  and  the  advantages 
which  it  presents  as  a  coating  for  other  metals,  may  not  be  unwelcome. 
Cobalt,  like  its  mineral  associate,  nickel,*  was  regarded  by  the  old 
Gkrman  copper  miners  with  a  feeling  somewhat  akin  to  horror,  since 
its  ore,  not  being  understood,  frequently  led  them  astray  when  search- 
ing for  copper.  Brande  says,  **  The  word  cobalt  seems  to  be  derived 
from  Cobalus,  which  was  the  name  of  a  spirit  that,  according  to  the 
superstitious  notions  of  the  times,  haunted  mines,  destroyed  the 
labours  of  the  miners,  and  often  gave  them  a  great  deal  of  unneces- 
sary trouble.  The  miners  probably  gave  this  name  to  the  mineral 
out  of  joke,  because  it  thwarted  them  as  much  as  the  supposed  spirit, 
by  exciting  false  hopes,  and  rendering  their  labour  often  fruitless ; 
for  as  it  was  not  known  at  first  to  what  use  the  mineral  could  be 
applied,  it  was  thrown  aside  as  useless.  It  was  once  customary  in 
Germany  to  introduce  into  the  church  service  a  prayer  that  Gk)d  would 
preserve  miners  and  their  works  from  kobalts  and  spirits.  Mathesius, 
in  his  tenth  sermon,  where  he  speaks  of  eadmia  fossilis  (probably  cobalt 
ore)  says,  '  Ye  miners  call  it  cobalt :  the  Germans  call  it  the  black 
devil,  and  the  old  devil's  hags,  old  and  black  kobel^  which  by  their 
witchcraft  do  injury  to  people  and  to  their  cattle.'  " 

In  chemical  works  cobalt  is  generally  described  as  a  reddish-grey 
metal,  and  this  fairly  represents  the  tone  of  its  colour,  though  a  tvarm 
steel  grey  would  perhaps  be  a  more  appropriate  term.  When  depo- 
sited by  electrolysis  under  favourable  conditions,  however,  cobalt  is 
somewhat  whiter  than  nickel,  but  it  acquires  a  warmer  tone  after 
being  exposed  to  the  air  for  some  time.  Becquerel  states  that  cobalt, 
deposited  from  a  solution  of  its  chloride,  '*  has  a  brilliant  white  colour, 
rather  like  that  of  iron ;  "  while  GkdfEe  says  that,  when  deposited 
from  a  solution  of  the  double  sulphate  of  cobalt  and  ammonium,  it  is 
'<  superior  to  nickel,  both  in  hardness,  tenacity,  and  beauty  of  colour." 
Wahl  remarks,  "  The  electro-deposits  of  this  metal  which  we  have 
seen  equal,  if  indeed  they  do  not  surpass,  those  of  nickel  in  whiteness 
and  brilliancy  of  lustre."  Much  of  the  beauty  of  electro-deposited 
cobalt  depends,  not  only  upon  the  electrolyte  employed,  but  also  upon 
the  quality  of  the  current,  as  is  also  the  case  with  nickel,  and  indeed 
most  other  metals  and  tiieir  alloys. 

*  Nickel  was  called,  by  the  old  German  miners^  kupfernickel,  or  **  false 
copper." 
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Aooordmg  to  Deville,  cobalt  is  one  of  the  most  ductile  and  tenacious 
of  metals,  its  tenacity  being  almost  double  that  of  iron.  It  is  fused 
with  great  difficulty,  but  more  readily  when  combined  with  a  litUe 
carbon,  in  which  respect,  as  in  many  other  characteristics,  it  bears  a 
dose  resemblance  to  its  mineralcgical  associate,  nickel.  It  is  soluble 
in  sulphuric  and  hydrochloric  adds,  but  more  freely  in  nitric  acid. 

Oobalt  Solutions. — ^The  salts  most  suitable  for  making  up  cobalt 
baths  are : — i.  Chloride  of  cobalt,  rendered  neutral  by  ammonia  or 
potash ;  2.  the  double  chloride  of  cobalt  and  ammonium ;  and  3,  the 
double  ndphate  of  cobalt  and  ammonium. 

Chloride  of  Cobalt. — ^The  single  salt  (chloride)  may  be  prepared  by 
diseolTing  metallic  cobalt  or  its  oxides  (the  latter  being  the  most 
readily  soluble)  in  hydiochlorio  acid,  and  evaporating  the  solution  to 
dryness.  The  residuum  is  then  heated  to  redness  in  a  covered  crucible, 
when  a  substance  of  a  bright  blue  colour  is  obtained,  which  is  pure 
chloride  of  cobalt.  When  this  anhydrous  (that  is  without  water) 
chloride  of  cobalt  is  dissolved  in  water  it  forms  a  pink  solution, 
which,  by  careful  evaporation,  will  yield  crystals  of  a  beautiful  red 
colour.  This  is  hydrated  chloride  of  cobalt,  from  which  various  cobalt 
baths  may  be  prepared  according  to  the  directions  given  below. 

BecquereVe  Solution. — ^This  is  formed  by  neutralising  a  concentrated 
solution  of  the  chloride  of  cobalt  by  the  addition  of  ammonia  or  caustic 
potash,  and  adding  water  in  the  proportion  of  i  gallon  to  5  ounces 
of  the  salt.  The  bath  is  worked  with  a  very  weak  current,  and  the 
deposit  is  in  coherent  nodules,  or  in  uniform  layers,  according  to  the 
strength  of  the  current.  The  deposited  metal  is  brilliantly  white, 
hard,  and  brittle,  and  may  be  obtained  in  cylinders,  bars,  and  medals, 
by  using  proper  moulds  to  receive  it.  The  deposited  rods  are  mag- 
netic,* and  possess  polarity.  If  an  anode  of  cobalt  be  used,  the  solu- 
tion is  of  a  permanent  character.  A  portion  of  the  chlorine  is  disen- 
gaged during  the  electro-deposition,  and  if  iron  be  present  in  the 
solution,  the  greater  portion  of  it  is  not  deposited  with  the  cobalt. 

JBeardslee*s  Solution. — ^The  following  has  been  recommended  by  Mr. 
G.  W.  Beardslee,  of  Brooklyn,  New  York,  and  ia  stated  to  yield  a 
good  deposit  of  cobalt,  which  is  **  very  white,  exceedingly  hard,  and 
tenaciously  adherent."  Dissolve  pure  cobalt  in  boiling  muriatic  acid, 
and  evaporate  the  solution  thus  obtained  to  dryness.  Next  dissolve 
from  4  to  6  ounces  of  the  resulting  salt  in  i  gallon  of  distilled 
water,  to  which  add  liquid  ammonia  until  it  turns  red  litmus  paper 
blue.  The  solution,  being  thus  rendered  slightly  alkaline,  is  ready 
for  use.  Battery  power  of  from  two  to  five  Smee  cells  will  be  suffi- 
cient to  do  good  work.    Care  must  be  taken  not  to  allow  the  solution 

*  Far«day  says  that  perfectly  pure  cobalt  is  not  magnetic. 
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to  lose  its  alightly  alkaline  condition,  upon  whioh  the  whitenoBB, 
uniformity  of  deposit,  and  its  adhesion  to  the  work  greatly  depend. 

Boettger'»  Solution. ^Boettger  states  that  from  the  following  solu- 
tion a  hrilliant  deposit  of  metallio  cobalt  was  obtained  by  means  of  a 
current  from  two  Bunsen  cells. 

Chloride  of  cobalt    .....      40  parts. 
8al-ammonlae  •.••..      20 
Liquid  ammonia      •       .       •       •       .      20 

Water 100 

By  another  formula  it  is  recommended  to  dissolve  Are  ounces  of  dry 
chloride  of  cobalt  in  one  gallon  of  distilled  water,  and  make  the 
solution  slightly  alkaline  by  means  of  liquid  ammonia.  A  ounent 
from  three  to  five  Smee  cells  is  employed,  with  an  anode  of  cobalt. 
Hie  solution  must  be  kept  slightly  alkaline  by  the  addition  of  liquid 
ammonia  whenerer  it  exhibits  an  acid  reaction  upon  litmus  paper. 
Since  these  solutions  are  liable  to  become  add  in  working,  it  is  a  good 
plan  to  keep  a  strip  of  litmus  paper  floating  in  the  bath,  so  that  any 
change  of  colour  from  blue  to  red  may  be  noticed  before  the  altered 
condition  of  the  bath  has  time  to  impair  the  colour  and  character  of 
the  deposited  metal:  if  some  such  precaution  be  not  adopted,  the 
deposit  may  assume  a  black  colour  and  rescouring  be  necessary. 

Double  SulphaU  of  Cobalt  and  Ammonia. — Cobalt  is  freely  deposited 
from  a  solution  of  the  double  salt,  of  a  fine  white  colour,  provided  that 
an  excess  of  ammonia  be  present  in  the  bath.  Eromfour  to  six  ounoee 
of  the  double  salt  may  be  used  for  each  gallon  of  water  in  making  up 
a  bath,  according  to  the  strength  of  current  employed.  The  solution 
of  this  salt  and  that  of  the  double  chloride  more  readily  yield  up 
their  metal  than  the  corresponding  salts  of  nickel,  therefore  a  propor- 
tionately smaller  quantity  of  the  metallic  salts  are  required  to  make 
up  a  cobaltmg  bath.* 

Bleetvo-depoaltion  off  Palladitiin.— This  metal  may  be  deposited 
more  freely  from  its  solution  than  platinum ;  it  is  dissolved  in  aqua 
regia  and  treated  in  the  same  way  as  the  latter  metal,  and  the  dry  salt 
dissolved  in  distilled  water.  This  palladium  is  then  precipitated  by 
means  of  a  solution  of  cyanide  of  potassium,  and  the  precipitate  redis- 
solved  by  an  excess  of  the  same  solution.  Since  a  palladium  anode 
becomes  dissolved  in  the  cyanide  bath,  deposite  of  any  required  thick- 
ness may  be  obtained.  This  metal  may  also  be  deposited  from  a 
solution  of  the  ammonio-chloiide,  using  a  palladium  anode,  and  a 
current  from  two  or  three  Smee  cells.  M.  Bertrand  advises  a  neutral 
solution  of  the  double  chloride  of  palladium  and  ammonium  for  the 
electro-deposition  of  this  metal  either  with  or  without  the  use  of  a 

*  For  further  remarks  on  the  electro-deposition  of  cobalt,  see  p.  464  et  aeq. 
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roltaio  battery.    The  deposition  of  palladium  is,  however,  more  inter- 
esting as  a  fact  than  of  any  practical  use.* 

D^poottloB  Of  Blsmatli.~<Thi8  metal  may  be  dissolved  in  dilute 
niizio  add  (2  parts  add  to  i  part  water)  with  moderate  heat,  and  the 
solution  evaporated  and  allowed  to  crystallise.  The  resulting  salt  is 
known  as  acid  nitrate  of  bismuth,  which  may  be  dissolved  in  a  very 
■mall  quantity  of  distiUed  water ;  but  if  the  solution,  even  when  add, 
be  poured  into  a  large  quantity  of  water  it  becomes  decomposed,  and 
forms  a  white,  somewhat  crystalline  predpitate,  commonly  called 
aubnitrate  of  bisnmthf  bane  nitrate,  or  pearl  white^  If  strong  nitrio  add 
be  poured  upou  powdered  bismuth  the  chemical  action  is  intensely 
violent,  and  ignition  sometimes  results.  Chloride  of  bismuth  is  formed 
by  dissolving  the  metal  in  4  parts  of  hydrochloric  acid  and  I  part  nitrio^ 
by  measure,  the  exoess  add  being  expelled  by  evaporation. 

To  deposit  bismuth  upon  artidee  of  tin  by  simple  immuersion,  Oom- 
maille  employs  a  solution  form  by  dissolving  10  grains  of  nitrate  of 
bismuth  in  a  wineglassful  of  distilled  water,  to  which  two  drops  of 
nitrio  add  have  been  added.  After  the  artide  is  immersed  the  bismuth 
win  be  depodted  in  very  small  shiny  plates.  The  metal  may  also  be 
depodted  by  means  of  the  separate  battery.  The  depodted  metal  is 
said  to  be  explodve  when  struck  by  a  hard  substance. 

Bismuth  may  be  depodted  from  a  cyanide  solution^  but  since  the 
anode  is  not  fredy  acted  upon  by  the  cyanide  the  solution  soon  becomes 
exhausted.  M.  A.  Bertrand  states  that  bismuth  may  be  depodted 
upon  copper  or  brass  from  a  solution  consisting  of  30  gnunmes  of  the 
double  ohloiide  of  bismuth  and  ammonium,  dissolved  in  a  litre  of 
water,  and  slightly  acidulated  with  hydrochloiio  add.  A  current 
from  a  single  Bunsen  cell  should  be  used. 

Deposition  of  Antimony. — Chloride  of  antimony,  terchloride  of 
antimony,  or,  as  the  andents  termed  it,  butter  of  antimony,  is  thus  pre- 
pared, according  to  the  pharmacopceias :  i  lb.  of  prepared  sulphuret  of 
antimony  is  dissolved  in  commercial  muriatio  acid,  4  pints,  by  the  aid 
of  gentle  heat,  gradually  increased  to  ebullition.  The  liquid  is  filtered 
until  qmte  clear,  then  boiled  down  in  another  vessel  to  2  pints ;  it  is 
then  cooled,  and  preserved  in  a  well  stoppered  bottle.  The  solution 
has  a  specific  gravity  of  i  '490.    It  is  highly  caustic. 

A  solution  of  chloride  of  antimony  may  also  be  prepared  by  the 
eleotrolytio  method,  that  is  by  passing  a  moderatdy  strong  current 
tiirough  an  anode  of  antimony,  immersed  in  hydrochloiio  add,  em- 
ploying a  plate  of  carbon  as  the  cathode,  the  action  being  kept  up 
until  a  strip  of  dean  brass,  being  substituted  for  the  carbon  plate, 
promptiy  receives  a  coating  of  antimony. 

*  For  further  details  concerning  the  electro-deposition  of  palladiam.  see 
p.  473. 
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Anothor  solution  may  be  prepared  by  digesting  recently  precipi- 
tated teroxide  of  antimony  in  concentrated  hydrochloric  acid,  and 
then  adding  an  excess  of  free  acid  to  the  solution  thus  obtained. 
This  solution  yields  a  very  quick  and  brilliant  deposit  of  antimony 
upon  brass  or  copper  surfaces  with  a  current  from  three  small  Daniell's 
cellSi  arranged  in  series,  with  electrodes  of  about  equal  surface. 
The  fresh  teroxide  may  be  readily  formed  thus :  Dissolve  4  ounces  of 
finely  powdered  tersulphuret  of  antimony  in  i  pint  of  muriatic  acid, 
by  the  aid  of  gentle  heat,  by  which  a  solution  of  terchloride  of  anti- 
mony is  obtained ;  filter  the  liquid,  and  then  pour  it  into  5  pints  of 
distilled  water.  By  this  dilution  a  g^^eater  part  of  the  terchloride  is 
decomposed,  the  chlorine  unites  with  the  hydrogen  of  the  water, 
forming  hydrochloric  add,  and  the  oxygen  of  the  water,  being  set 
free,  unites  with  the  antimony,  forming  a  teroxide,  that  is,  an  oxide 
oontaining  three  equivalents  of  oxygen.  The  teroxide  thus  obtained 
is  separated  by  filtration,  and  washed,  to  free  it  from  acid.  It  is 
then  washed  with  a  weak  solution  of  carbonate  of  soda,  which  decom- 
poses any  terchloride  present,  leaving  the  teroxide  free.  It  is  then 
dried  over  a  water  bath,  and  preserved  in  a  well-stoppered  bottle. 

Antimony  may  also  be  deposited  from  a  solution  prepared  by  dis- 
solving oxyohloride  of  antimony  in  strong  hydrochloric  acid,  the 
latter  being  in  excess.  The  oxychloride  may  be  obtained  by  largely 
diluting  with  water  a  solution  of  the  chloride  of  antimony,  when  a 
white  precipitate  falls,  which  is  insoluble  in  water.  The  liquor  is  now 
to  be  poured  off,  and  hydrochloric  acid  added  until  the  precipitate  is 
entirely  dissolved.  The  resulting  solution,  which  must  not  be  diluted 
with  water— which  decomposes  it — should  be  used  with  a  moderate 
current  and  rather  small  anode  surface,  and  the  articles  to  be  coated 
in  it  must  be  perfectly  dry,  and  when  the  required  deposit  is  obtained 
the  article  should  be  dipped  in  a  strong  solution  of  hydrochloric  acid 
before  being  rinsed  in  water,  otherwise  a  white  insoluble  film  of  oxy- 
chloride will  form  on  the  surface. 

A  depositing  bath  may  also  be  formed  by  mixing  equal  parts,  by 
measure,  of  a  solution  of  commercial  chloride  of  antimony  and  sal- 
ammoniac.  The  solution  thus  formed  is  a  very  good  conductor, 
deposits  freely  a  good  reguline  metal,  and  is  not  so  liable  to  yield 
deposits  upon  the  baser  metals  by  simple  immersion  as  the  former 
solution. 

A  very  good  antimony  bath  may  be  made  by  dissolving  tartar  emetic 
(potassio-tartrate  of  antimony)  in  2  parts  hydrochloric  acid  and  i  part 
water,  by  measure;  or,  say,  tartar  emetic  8  lbs.,  hydrochloric  add 
4  lbs  ,  and  water  2  lbs.,  a  lsj*ger  proportion  of  water  being  added  if 
desired.  The  rasulting  solution  forms  a  very  g^od  bath  for  the 
deposition  of  antimony,  and  yields  up  its  metal  very  freely.     With 
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tbe  current  from  two  to  three  Daniellfi  the  metal  is  deposited  Tery 
quickly,  and  in  a  good  reguline  condition.  To  insure  the  adherence  of 
the  deposit,  however,  the  anode  surface  should  at  first  be  small,  until  a 
film  of  moderate  thickness  has  been  obtained,  after  which  it  may  be 
gradually  increased  until  both  electrodes  are  of  about  equal  surface. 
The  above  solution  is  not  affected  by  atmospheric  influence  nor  by 
continual  working,  and  would  be  very  useful  for  small  operations  for 
producing  thick  deposits  of  antimony ;  but  the  cost  of  the  mixture 
woidd  preclude  its  adoption  except  for  experiment. 

Deposition  by  Simple  Imtnertion. — ^The  add  solution  of  chloride  of 
antimony  readily  yields  up  its  metal  to  brass  by  simple  immersion, 
and  by  this  means  brass  articles  are  coloured  of  a  lilac  tint.  A  solution 
is  made  for  this  purpose  by  adding  a  large  quantify  of  water  to  asmall 
quantity  of  chloride  of  antimony,  when  a  dense  white  precipitate  of 
oxychloride  of  antimony  is  formed.  The  mixture  is  boiled  until  this 
is  nearly  redissolved,  when  more  water  is  added,  and  the  boiling 
resumed.  The  liquor  is  then  filtered,  and  the  clear  liquor  heated  to 
boiling  ;  into  this  the  cleaned  brass  articles  are  placed,  when  they  at 
once  receive  a  coating  of  antimony  of  a  lilac  colour,  being  kept  in  the 
boiling  solution  until  the  desired  shade  of  colour  is  obtained.  After 
rinsing  in  clean  water,  the  articles  are  dried  in  hot  sawdust,  then 
brushed  clean  and  lacquered. 

Commercial  chloride  of  antimony  (butter  of  antimony)  is  also  used 
for  bronzing  or  hrouming  gun-barrels,  and  when  used  for  this  purpose 
it  is  known  as  bronzing  salt.  To  apply  it  for  bronzing  gun-barrelfl  the 
chloride  is  mixed  with  olive-oil,  and  rubbed  upon  the  barrel,  slightiy 
heated ;  this  is  afterwards  exposed  to  the  air  until  the  requisite  tone 
is  obtained ;  a  little  aquafortis  is  rubbed  on  after  the  antimony  to 
hasten  the  operation.  The  browned  barrel  is  then  carefully  oleuied, 
washed  with  water,  dried,  and  finally  burnished  or  lacquered. 

When  a  piece  of  clean  zinc  is  inmiersed  in  a  solution  of  chloride  of  anti- 
mony the  metal  becomes  reduced  to  a  fine  grey  powder,  which  is  em- 
ployed to  give  the  appearance  of  g^rey  cast-iron  to  plaster  of  Paris  casts. 

Deposition  of  Zi«ad.* — Lead  is  readily  produced  from  a  solution 
of  its  nitrate  or  acetate — as  exemplified  in  the  production  of  the  well- 
known  lead-tree;  it  may  also  be  deposited  upon  zinc  or  tin  from  a 
solution  formed  by  dissolving  litharg^e  (oxide  of  lead]  in  a  solution  of 
caustic  potash.  Iron  articles  will  become  coated,  by  simple  immersion, 
in  a  solution  of  sugar  of  lead  (acetate  of  lead).  Beoquerelf  deposited 
lead  upon  a  bright,  cleaned  surface  of  copper,  in  contact  with  a  piece 
of  zinc,  in  a  solution  of  chloride  of  lead  and  sodium.    This  metal  may 

*  See  also  pp.  446  et  seq. 

f  '<  The  Chemist,"  vol.  v.  p.  408. 
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also  be  deposited,  by  means  of  the  batterj,  from  dilute  solutioDfl  of 
acetate  or  nitrate  of  lead,  or  from  a  solution  formed  by  saturating  a 
boiling  solution  of  caustic  potash  with  litharge,  employing  a  lead  anode. 
The  deposition  of  this  metal  is  not,  however,  of  any  commercial  im- 
portance. The  electrolysis  of  salts  of  lead  under  certain  conditions 
are,  howeyer,  exceedingly  interesting  in  what  is  termed  tnetaUo- 
ehromy,  as  will  be  seen  below. 

M«tallo-Cliroin«s. — A  remarkably  beautiful  effect  of  electro-chemi- 
cal decomposition  is  produced  under  the  following  conditions :  A  con- 
centrated solution  of  acetate  of  lead  (sugar  of  lead)  is  first  made,  and 
after  being  filtered  is  poured  into  a  shallow  porcelain  dish.  A  plate 
of  polished  st«el  is  now  immersed  in  the  solution,  and  allowed  to  rest 
on  the  bottom  of  the  dish  (see  Fig.  1 20).    A  small  disc  of  sheet  copper 


Fig.  120. 

is  then  to  be  connected  to  the  wire  proceeding  from  the  zinc  element  of 
a  constant  battery  of  two  or  three  cells,  and  the  wire  connected  to  the 
copper  element  is  to  be  placed  in  contact  with  the  steel  plate.  If  now 
the  copper  disc  be  brought  as  close  to  the  steel  plate  as  possible,  with- 
out touching  it,  in  a  few  moments  a  series  of  beautiful  prismatic 
colorations  will  apx)ear  upon  the  steel  surface,  when  the  plate  should 
be  removed,  and  rinsed  in  clean  water.  These  colorations  are  films 
of  lead  in  the  state  of  peroxide,  and  the  varied  hues  are  due  to  the 
difference  in  thickness  of  the  precipitated  peroxide  of  lead,  the  light 
being  reflected  through  them  from  the  polished  metallic  surface 
beneath.  By  reflected  light,  every  prismatic  colour  is  visible,  and  by 
transmitted  light  a  series  of  prismatic  colours  complementary  to  the 
first  series  will  appear,  occupying  the  place  of  the  former  series. 
The  colours  are  seen  to  the  greatest  perfection  by  placing  the  plate 
before  a  window  with  its  back  to  the  Ught,  and  holding  a  piece  of 
white  paper  at  such  an  angle  as  to  be  reflected  upon  its  surface.  The 
colorations  are  not  of  a  fugitive  character,  but  will  bear  a  oonsider- 
abie  amount  of  friction  without  being  removed.    In  proof  of  the  lead 
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oxide  being  dex)osited  in  films  or  layers,  if  the  deposit  be  allowed  to 
proceed  a  few  seconds  beyond  the  time  when  its  greatest  beauties  axe 
exhibited,  the  coloration  will  be  less  marked,  and  beoome  more  or 
less  red,  green,  or  brown.  If  well  rubbed  when  dry  with  the  finger 
or  fleshy  part  of  the  hand  a  rich  blue-coloured  film  will  be  laid  bm, 
by  the  removal  of  the  delicate  film  above  it. 

The  discovery  of  this  interesting  electrolytic  phenomenon  is  due  to 
Nobili,  who  in  the  year  1826  discovered  that  when  a  solution  of  acetate 
of  lead  was  electrolysed  by  means  of  a  current  from  four  to  six  Grove 
cells,  a  large  platinum  anode  and  a  platinum  wire  cathode  being 
employed,  prismatic  colours  were  produced  upon  the  anode  surface ; 
and  when  the  platinum  anode  was  placed  horizontally  in  the  acetate 
solution  and  the  negative  wire  held  vertically  above  it,  a  series  of 
rings  in  chromatic  order  were  produced.  These  effects  subsequently 
took  the  name  of  ''Nobili*s  rings,"  and  the  interesting  discovery 
induced  Becquerel,  Gassiot,  and  others  to  experiment  in  the  same 
direction  by  varying  the  strength  of  the  current  and  employing  other 
solutions  than  the  acetate  of  lead. 

BeequereVs  Solution. — ^The  following  formula  was  suggested  by 
Becquerel :  *  Dissolve  200  grammes  of  caustic  potash  in  2  quarts  of 
distilled  water,  add  150  grammes  of  litharge,  boil  the  mixture  for  half 
an  hour,  and  allow  to  settle.  Then  pour  off  the  dear  liquor,  and 
dilute  it  with  its  own  bulk  of  water. 

The  plan  recommended  by  Hr.  Gassiot  to  obtain  ^e-metaUo'ehromet 
ia  to  place  over  the  steel  plate  a  piece  of  card,  cut  into  some  regular 
device,  as  shown  in  the  illustration,  and  over  this  a  rim  of  wood,  the 
copper  disc  being  placed  above  this.  We  have  found  that  very  beau- 
tiful effects  are  obtained  when  a  piece  of  fine  copper  wire  is  turned  up 
in  the  form  of  a  ring,  star,  cross,  or  other  pattern,  and  connected  to 
the  positive  electrode  as  before  ;  indeed,  this  is  one  of  the  simplest  and 
readiest  methods  of  obtaining  the  colorations  upon  the  polished 
metal.  A  few  examples  of  metaUo -chromes  obtained  in  this  way  are 
shown  in  the  frontispiece  of  this  work.  MetaUo-chromy,  as  it  is 
termed,  is  extensively  employed  in  Nuremberg  to  ornament  metallio 
toys,  the  solution  used  being  that  suggested  by  Becquerel,  namely,  a 
solution  of  the  oxide  of  lead  in  caustic  soda  or  potash.  MetaHo- 
ohromy  has  also  been  adopted  in  France  for  colouring  bells,  and  in 
Switzerland  for  colouring  the  hands  and  dials  of  watches.  In  using 
the  lead  solutions  to  produce  metallo-chromes  it  must  be  remembered 
that  metallio  lead  becomes  deposited  upon  the  cathode,  consequentiy 
the  solutions  in  time  become  exhausted,  and  must  therefore  be  renewed 
by  the  addition  of  the  lead  salt. 

♦  "  The  Chemist,**  vol.  iv.  p.  457. 
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Metallo'chromet  on  Ntckel-plated  Surfaces. — It  will  be  obvious  th&t  if 
metallo-chromy  were  only  applicable  to  platiiiuin  or  steel  smfaces — 
which  has  generally  been  the  case  heretofore — that  the  usefulness  of 
the  process  as  a  means  of  ornamentation  for  industrial  purposes  would 
be  greatly  restricted.  While  the  production  of  these  colorations  upon 
platinum  foil  would  only  be  effected  for  experimental  purposes,  the 
application  of  the  process  to  steel  surfaces  would  necessarily  be  of  a 
limited  character,  owing  to  the  unsuitablenees  of  this  metal  as  com- 
pared with  brass,  Gterman  tdlyer,  and  copper,  for  the  manufacture  of 
many  articles  of  utility  or  ornament.  With  a  view  to  extend  the 
usefulness  of  these  very  beautiful  colorations,  and  thus,  to  a  certain 
extent,  open  up  a  new  field  for  their  application,  the  author  some 
time  since  turned  his  attention  to  polished  nickel-plated  surfaces,  as 
being,  of  all  others,  the  most  suitable,  from  their  extreme  brilliancy, 
to  exhibit  the  rainbow  tints  of  metallo-ohromy.  His  first  experiments 
were  upon  highly-polished  surfaces  of  nickel-plated  brass,  and  the 
results  obtained  were  exceedingly  satisfactory.  The  experiments  were 
subsequentiy  pursued  under  varied  conditions  of  working,  until  the 
most  satisfactory  method  of  procedure  was  arrived  at. 

The  reader  is  referred  tp  pp.  448,  et  teg.,  for  a  detailed  description 
of  the  method  adopted  to  produce  these  colorations  upon  nickel-plated 
surfaces,  and  for  some  particulars  as  to  salts  of  lead  applicable  to  the 
purpose. 

Sepoflitloa  of  JUnmfnmn  or  Aiwti«««»w — 1*^^^^  remarkable 
metal,  which  in  an  oxidised  state  (alumina)  occurs  most  abundantly  in 
nature  as  a  constituent  of  all  days  in  combination  with  silica,  was 
first  obtained  in  the  metallic  state  by  Wohler  in  the  following  way : 
Chloride  of  aluminium  and  pure  potassium  are  heated  in  a  small 
platinum  or  porcelain  crucible,  the  heat  of  a  spirit-lamp  being  suffi- 
cient, for  when  the  substances  begin  to  react  upon  each  other  the 
temperature  suddenly  rises  to  redness.  When  the  crucible  is  cold,  its 
contents  are  well  washed  with  cold  water,  by  which  a  finely  divided 
grey  substance  with  a  metallic  lustre  is  obtained,  which  is  pure 
aluminium.  About  the  year  1854,  Sainte-Clairo  Deville,  of  Paris, 
devoted  his  attention  to  this  subject,  substituting  chloride  of  sodium 
for  potassium,  and  heating  the  chloride  of  aluminium  with  this  salt  in 
a  porcelain  crucible  to  bright  redness,*  by  which  the  excess  of  chloride 
of  aluminium  was  disengaged,  and  in  the  middle  of  the  resulting 
saline  mass  larger  or  smaller  globules  of  perfectly  pure  aluminium 
were  found. 

In  reference  to  the  characteristics  of  this  metal,  BeviUe  says: 


»  «*  The  Chemist.*    Edited  by  John  ^wd  Ohsrles  Watt.    Vol.  i.,  new  series, 
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— ''  It  is  completely  iinalterable,  either  in  dry  or  humid  air ;  it  does 
not  tamifih ;  and  remains  brilliant  where  freshly-cut  zinc  or  tin  loso 
their  polish.  Sulphuretted  hydrog'en  has  no  action  upon  it ;  neither 
cold  nor  boiling  water  will  tarnish  it ;  nitric  acid,  whether  weak  or 
concentrated,  or  sulphuric  acid  employed  cold,  will  take  no  effect 
upon  it.  Its  real  solvent  is  hydrochloric  acid.  ...  It  will  be  easily 
understood  that  a  metal  as  white  [P]  and  as  unalterable  as  silver,  which 
does  not  tarnish  in  the  air,  which  is  fusible,  malleable,  ductile,  and  yet 
tough,  and  which  has  the  singular  property  of  being  lighter  than 
glass,  would  be  most  useful  if  it  could  be  obtained.  If  we  consider, 
besides,  that  this  metal  exists  in  considerable  proportions  in  nature, 
that  its  ore  is  argil  [clay],  we  may  well  desire  that  it  should  become 
of  general  use.  I  have  much  hope  that  it  may  be  so,  for  chloride  of 
aluminium  is  decomposed  with  remarkable  facility  by  common  metals 
at  a  high  temperature,  and  a  reaction  of  this  nature,  which  I  am 
now  endeavouring  to  realise  on  a  larger  scale  than  a  mere  laboratory 
experiment,  will  decide  this  question  in  a  practical  point  of  view.*' 

Not  long  after  the  above  announcement  was  made,  Sainte- Claire- 
DeviUe,  supported  in  the  practical  development  of  his  ingenious  pro- 
cess by  the  late  Emperor  of  the  French,  succeeded  in  producing  alu- 
minium in  abundance,  and  bars  of  this  useful  metal  entered  the  market 
as  a  commercial  product  to  the  g^at  surprise  and  delight,  not  only 
of  scientists,  but  of  those  workers  in  metals  who  know  how  to  appre- 
ciate the  importance  of  a  metal  possessing  such  remarkable  character- 
istics as  aluminium.  We  all  know  now  what  an  important  position  it 
has  taken  in  the  arts ;  but  its  usefulness  may  yet  receive  further 
development,  it  is  hoped,  by  some  successful  process  of  electro -depo- 
sition. That  point,  however,  has  not  yet  been  fully  reached,  although 
the  metal  has  been  deposited  with  sufficient  success  to  warrant  tho 
belief  that  still  more  satisfactory  results  will  be  obtained  by  a  further 
investigation  of  the  subject. 

Speaking  upon  the  separation  of  aluminium  by  electrolysis,  Deville 
observes:* — "  It  appeared  to  me  impossible  to  obtain  aluminium  by 
the  battery  in  aqueous  liquids.  I  should  believe  this  to  bo  an  impoH- 
sibility  if  the  brilliant  experiments  of  M.  Bunsen  on  the  production 
of  barium  did  not  shake  my  conviction.  Still,  I  must  say  that  all 
processes  of  this  description  which  have  recently  been  published  for 
the  preparation  of  aluminium  have  failed  to  give  me  good  results.  It 
is  of  the  double  chloride  of  aluminium  and  sodium,  of  which  I  have 
already  spoken,  that  this  decomposition  is  effected.  The  bath  is 
composed  of  2  parts  b^  weight  of  chloride  of  aluminium,  with  the 
addition  of  i  part  of  dry  and  pulverised  common  salt.     The  whole  is 
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mixed  in  a  porcelain  crucible,  heated  to  about  392°  Fahr.  The  com- 
bination IB  effected  with  disengagcement  of  heat,  and  a  liquid  is 
obtained  which  is  very  fluid  at  392°  Fahr.,  and  fixes  at  that  tempera- 
ture. It  is  introduced  into  a  vessel  of  glazed  porcelain,  which  is  to  be 
kept  at  a  temperature  of  about  392°  Fahr.  The  cathode  is  a  plate  of 
platinum,  on  which  the  aluminium  (mixed  with  common  salt)  is 
deposited  in  the  form  of  a  greyish  crust.  The  anode  is  formed  of  a 
cylinder  of  charcoal,  placed  in  a  perfectly  dry  porous  vessel,  contain- 
ing melted  chloride  of  aluminium  and  sodium.  The  densest  charcoal 
rapidly  disintegrates  in  the  bath  and  becomes  pulverulent ;  hence  the 
necessity  of  a  porous  vessel.  The  chlorine  is  thus  removed,  with  a 
little  chloride  of  aluminium,  proceeding  from  the  decomposition  of  the 
double  salt.  This  chloride  would  volatilise  and  be  eAtirely  lost,  if 
some  common  salt  were  not  in  the  porous  vessel.  The  double  chloride 
becomes  fixed,  and  the  vapours  cease.  A  small  number  of  voltaic 
elements  (two  are  all  that  are  absolutely  necessary)  will  sufElce  for  the 
decomposition  of  the  double  chloride,  which  presents  but  litUe  resist- 
ance to  the  electricity.  The  platinum  plate  is  removed  when  it  is 
sufficiently  charged  with  the  metallic  deposit.  It  is  suffered  to  cool, 
the  saline  mass  is  rapidly  broken  off,  and  the  plate  replaced." 

Bunsen  electrolysed  the  fused  chloride  of  aluminium  and  sodium  in 
a  deep  covered  porcelain  crucible,  divided  by  a  partition  of  porous 
porcelain,  which  extended  half-way  down  the  vessel.  Carbon  elec- 
trodes were  used,  and  these  were  introduced  through  opening^  in  the 
cover.  He  used  a  current  from  ten  cells  of  his  zinc  and  carbon  batteiy. 
The  salt  fused  at  662°  Fahr.  (the  boiling  point  of  mercury),  and 
readily  yielded  the  metal.  The  temperature  of  the  liquid  should  then 
be  raised  to  nearly  the  melting  point  of  silver,  when  the  particles 
of  the  liberated  aluminium  fuse,  uniting  together  into  globules, 
which,  being  heavier  than  the  fused  salt,  fall  to  the  bottom  of  the 
crucible. 

Gorbelli  has  deposited  aluminium  by  electrolysing  a  mixed  solution 
of  rock  alum  (sulphate  of  alumina)  and  chloride  of  sodium  or  calcium 
with  an  anode  of  iron  wire,  coated  with  an  insulating  material,  and 
dipping  into  mercury  deposited  at  the  bottom  of  the  solution  ;  a  zinc 
cathode  is  immersed  in  the  solution.  Aluminium  deposits  upon  the 
zinc,  and  the  chlorine  set  free  at  the  anode  unites  with  the  mercury, 
forming  chloride  of  mercury  (calomel). 

Thomas  and  Tilley^a  ProeeaSf  for  which  a  patent  was  obtained  in 
1854,  consists  in  forming  a  solution  composed  of  freshly  precipitated 
alumina  dissolved  in  a  boiling  solution  of  cyanide  of  potassium.  By 
another  process,  patented  in  1855,  calcined  alum  is  dissolved  in  a 
solution  of  cyamde  of  potassium.  Several  other  solutions  are  included 
in  the  same  specification,  and  the  invention  includes  the  deposition  of 
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alloys  of  alnminlom  with  fdlyer,  sUver  and  oopper  with  tin,  sflyer  and 
tin,  etc. 

JMfieon^t  Froe0t»  (Amerioan)  conaiats  in  depositing  aluminium  from 
a  solution  of  a  doable  salt  of  aluminium  and  potassium,  of  the  specific 
gravity  i'i6i,  employing  a  current fium  three  Bunsen  cells. 

M.  Bertrand  states  that  he  has  deposited  aluminium  upon  a  plate  of 
copper  in  a  solution  of  the  double  chloride  of  aluminium  and  ammo- 
nium by  using  a  strong  current. 

GozeU  Process. — ^Mr.  Gk>ze  obtained  a  deposit  of  aluminium  by  the 
single  cell  method  from  a  dilute  solution  of  the  chloride.  The  liquid 
was  placed  in  a  jar,  in  which  was  immersed  a  porous  ouU  containing 
dilute  sulphuric  acid ;  an  amalgamated  zinc  plate  was  immersed  in 
the  acid  solution,  and  a  plate  of  copper  in  the  chloride  solution,  the 
two  metals  being  connected  by  a  copper  conducting  wire.  At  the  end 
of  some  hours  the  copper  plate  became  coated  with  a  lead-coloured 
deposit  of  aluminium,  which,  when  burnished,  presented  the  same 
degree  of  whiteness  as  platinum,  and  did  not  appear  to  tarnish  readily 
when  immersed  in  cold  water,  or  in  the  atmosphere,  but  was  acted 
upon  by  dilute  sulphuric  and  nitric  acids.* 

D«po«ltton  of  Oadminin. — This  metal  is  readily  soluble  in  dilute 
nitric,  sulphuric,  and  hydrochloric  acids,  with  disengagement  of 
hydrogen,  and  the  respective  salts  may  be  obtained  in  the  crystalline 
form  by  concentrating  the  acid  solutions  by  evaporation.  The  hydrated 
oxidej  in  the  form  of  a  gelatinous  precipitate,  is  produced  when  a 
solution  of  the  alkalies,  soda,  potassa,  &c.,  is  added  to  a  solution  of  a 
salt  of  cadmium.  The  hydrate  is  white,  but  becomes  brown  from  loss 
of  water  when  dried  by  heat.  Respecting  the  electro-deposition  of 
cadmium,  Smee  states  that  it  is  difficult  to  obtain  firm,  coherent 
deposits  from  solutions  of  the  chloride  or  sulphate,  but  that  it  may  be 
easily  deposited  in  a  reguline  and  fiexible  condition  from  a  solution  of 
the  ammonio-sulphate,  prepared  by  adding  sufficient  liquid  ammonia 
to  sulphate  of  cadmium  to  redissolve  the  precipitate  at  first  formed. 
Napier  reconmiends  the  following  :  *'  A  solution  of  cadmium  is  easily 
prepared  by  dissolving  the  metal  in  weak  nitric  acid,  and  precipitating 
it  with  carbonate  of  soda,  washing  the  precipitate,  and  then  dissolving 
it  in  cyanide  of  potassium.  A  battery  power  of  three  or  four  pairs  is 
required,  and  the  solution  should  be  heated  to  at  least  100°  Fahr.  The 
metal  is  white,  and  resembles  tin  ;  it  is  very  soft,  and  does  not  present 
many  advantagfes  to  the  electro-metallurg^t." 

Hussfll  and  lVoolrteh*»  Process. — ^This  process,  for  which  a  patent 
was  obtained  in  1849,  is  thus  briefly  described:  '*  Take  cadmium,  and 
dissolve  it  in  nitric  acid  diluted  with  five  or  six  times  its  bulk  of  water, 


For  further  remarkB  on  alaminium  depositB,  see  pp.  476  et  $eq* 
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at  a  temperature  of  about  80^  or  100^  Fahr.,  adding  the  dilute  acid  by 
degrees  until  the  metal  is  all  dissolved  ;  to  this  solution  of  cadmium 
one  of  carbonate  of  sodium  (made  by  dissolving  i  lb.  of  crystals  of 
washing  soda  in  i  gallon  of  water)  is  added  until  the  cadmium  is  all 
precipitated;  the  precipitate  thus  obtained  is  washed  four  or  five 
times  with  tepid  water.  Next  add  as  much  of  a  solution  of  cyanide  of 
potassium  as  will  dissolve  the  precipitate,  after  which  one-tenth  more 
of  the  solution  of  the  potassium  salt  is  added  to  form  free  cyanide. 
The  strength  of  this  mixture  may  vary ;  but  the  patentees  prefer  a 
solution  containing  six  troy  ounces  of  metal  to  the  gallon,  llie  liquid 
is  worked  at  about  100°  Fahr.,  with  a  plate  of  cadmium  as  an  anode." 

For  depositing  cadmium  M.  A.  Bertrand  recommends  a  solution  of 
the  bromide  of  cadmium,  containing  a  littie  sulphuric  acid,  or  a  solu- 
tion of  sulphate  of  cadmium.  He  states  that  the  deposit  obtained  is 
white,  adheres  firmly,  is  very  coherent,  and  takes  a  fine  polish.* 

Deposition  of  Obromlnm. — ^In  his  investigation  concerning  the 
electrolysiB  of  metallic  salts  Bunsen  determined  the  causes  which 
most  influence  the  separation  of  the  metal ;  these  pauses  are  two  in 
number,  the  principal  of  which  is  owing  to  the  density  of  the  current, 
and  the  other  to  the  greater  or  less  concentration  of  the  electrolyte. 
By  density  he  means  the  concentration  to  a  single  point  of  '*  the  elec- 
trical undulations,  in  a  manner  analogous  to  the  concentration  of 
luminous  or  calorific  rays  in  the  focus  of  a  concave  mirror.  Let  us 
take,  for  example,  a  charcoal  crucible  in  communication  with  the 
positive  pole  of  the  battery,  and  place  in  it  a  small  capsule  of  glazed 
porcelain,  containing  the  liquid  to  be  decomposed ;  the  space  between 
the  crucible  and  the  capsule  is  filled  with  hydrochloric  acid,  and  the 
liquid  of  the  small  capsule  is  put  in  communication  with  the  battery 
by  means  of  a  thin  sheet  or  wire  of  platinum.*  The  current  is  then 
established  between  a  large  surface,  the  charcoal  crucible,  and  a  fine 
platinum  wire,  in  which  it  is  concentrated  ;  the  effects  are  added  in 
this  direction,  and  the  fluid  becomes  capable  of  overcoming  affinities 
which  have  hitherto  resisted  powerful  batteries."  The  apparatus 
is  placed  is  a  porcelain  crucible,  which  is  kept  warm  in  a  sand  bath. 

By  the  above  arrangement  Bunsen  succeeded  in  separating  chro- 
mium with  perfect  facility  from  a  concentrated  solution  of  its  chloride ; 
the  deposited  metal,  which  was  chemically  pure,  presented  the  ap- 
pearance of  iron,  but  was  less  alterable  in  moist  air.     It  refdsted 

*  For  further  remarks  on  the  electro-deposition  of  cadmium,  see  <*  Arvatf" 
silver  plating,  p.  473  of  this  volume. 

f  For  this  purpose  the  platinum  wire  must  be  exactly  in  the  centre  of  the 
cnicible;  if  not,  by  virtue  of  its  tendency  to  take  the  shortest  road,  the 
current  is  established  in  preference  between  the  nearest  pointSt 
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13ie  action  of  even  boiling  nitrio  aoid,  but  was  acted  upon  by  hydro- 
chloric acid  and  dilate  sulphuric  acid.  Bunsen  found  that  when  the 
current  was  diminiahed,  the  metal  ceased  to  be  deposited  in  the 
metallic  state,  but  appeared  as  a  black  powder  consisting  of  protoxide 
and  sesquioxide  of  chromium.* 

Sepoflitlon  of  »**«»ff  «<««**^  or  Iffangmi—it — ^The  same  eminent 
chemist  succeeded  in  obtaining  metallic  manganese  by  the  method 
above  described  from  a  concentrated  aqueous  solution  of  chloride  of 
manganese.  The  metal  was  separated  with  the  greatest  facility  with 
a  powerfol  cuiient,  but  when  the  current  was  weakened  black  oxide 
of  mangfanese  was  obtained. 

Sepoflitlon  of  MagBMliiiii* — Bunsen  electrolysed  fused  chloride  of 
magnesium  at  a  red  heat  by  the  same  method  as  that  adopted  for 
the  separation  of  aluminium.  Magnesinm,  being  a  very  light  metal, 
i»  liable  to  rise  to  the  surface  of  the  fused  mixture  and  ignite  in  the 
air;  to  prevent  this,  as  far  as  possible,  the  carbon  cathode  was 
notched,  so  that  the  metal  could  collect  in  the  notches.  M.  Bertrand 
says  that  from  an  aqueous  solution  of  the  double  chloride  of  magne- 
sium and  ammonium,  a  strong  current  will  deposit  magnesium  upon 
a  sheet  of  copper  in  a  few  minutes,  the  deposit  being  homogeneou3, 
strongly  adherent,  and  easily  polished. 

Deposition  of  Silicon. — Mr.  Qoze  reduced  the  metal  silicium  from 
a  solution  of  monosilicate  of  potash,  prepared  by  fusing  one  j^art  of 
silica  with  2^  parts  of  carbonate  of  potash,  the  same  voltaic  arrange- 
ment being  adopted,  except  that  a  small  pair  of  Smee  batteries  were 
interposed  in  the  circuit.  With  a  very  slow  and  feeble  action  of  the 
current,  the  colour  of  the  deposit  was  much  whiter  than  aluminium, 
closely  approximating  that  of  silver. 

We  have  given  the  foregoing  details  concerning  the  deposition  of 
some  of  the  less  tractable  metals,  more  with  a  view  to  show  what 
ingenious  methods  have  been  devised  for  their  extraction,  or  separa- 
tion, than  as  presenting  any  absolute  practical  adyantage.  As  inter- 
esting deotrolyidc  facts  they  are  valuable  to  the  student,  while  to  the 
more  practical  operator  who  may  devote  a  portion  of  his  spare  time  to 
electrolytic  experiments,  Chevidier  Bunsen's  methods  of  conducting 
the  electrolysis  of  salts  which  do  not  readily  yield  up  their  metal  from 
aqueous  solutions  will  prove  not  only  interesting  but  highly  instruc- 
tive. It  will  not  be  in  accordance  with  the  object  of  this  work,  how- 
ever, to  enter  further  into  the  deposition  of  metals  which  have  no 
practical  significance  in  the  arts.* 

*  "  The  Chemist,"  new  series,  vol.  i.  p.  685. 


CHAPTER  XXIV. 

ELECTRO-DEPOSITION  OF  ALLOYS.* 

PMectro-deposition  of  Braas  and  Bronze.— Bnuaing  Solutions.— Brunei,  Bisson 
and  Co.'8  Processes. — De  Salzede's  Processes.— Newton's  Processes.— 
Kussell  and  Woolrich's  Process. — ^Wood's  Process.— Morris  and  Johnson's 
Process.— Dr.  Heeren's  Process.— Roscleur's  Processes.— Walenn'e  Pro- 
cesses.—Bacco's  Solution. — ^Winckler*8  Solution. — ^American  FormuloB. 
Thick  Brass  Deposits.— Braas  Solution  prepared  by  Battery  Process. 


Illdetro-d«position  of  Brass  and  Bronaa. — The  deposition  of  two 
metals  in  combination  by  eleotxo-chemical  means,  although  perfectly 
practical,  is  far  more  difficult  to  aooompUsh  satisfactorily  than  to 
deposit  a  single  metal.  For  example,  the  two  metals  zinc  and  copper 
are  so  widely  different  in  all  their  chazaoteristics — in  their  melting  point, 
ductility,  electric  relation,  and  oonductiyity — that  when  in  a  state  of 
solution  great  care  is  necessary  to  enable  us  to  bring  them  together 
in  the  uniform  condition  of  what  is  termed  an  alloy .  Even  when  these 
two  metals  are  alloyed  in  the  ordinary  way,  by  fusion,  gre&t  care  must 
be  exercised,  or  the  zinc,  being  a  volatilisable  metal,  will  pass  away 
into  the  air  instead  of  uniting  with  the  copper  to  form  broM.  The 
copper,  melting  at  a  far  higher  temperature  than  zinc,  is  fused  or 
melted  first,  and  the  zinc  gradually  added,  until  the  desired  object  is 
obtained — a  bright  yellow  alloy,  the  tone  or  colour  of  which  may  be 
varied  according  to  the  proportion  of  either  metal. 

In  depositing  brass  from  its  solution,  the  nature  and  strength  of  the 
electric  current  are  of  the  greatest  importance,  for  if  the  electro- 
motive force  be  too  weak  copper  only  will  be  deposited,  and  if  too 
strong  zinc  alone  will  be  precipitated  upon  the  receiidng  metal. 
Again,  if  too  great  a  surface  of  anode  be  exposed  in  the  bath  in  propor- 
tion to  the  size  of  the  article  to  be  coated  zinc  alone  will  deposit,  the 
reverse  being  the  case,  that  is  copper  alone,  if  the  surface  of  anode  is 
too  small.  A  medium  between  these  conditions  is  absolutely  necessary 
(all  other  things  being  equal)  to  ensure  a  coating  of  brass  of  gr(>^ 
colour  upon  any  gfiven  article.  To  make  this  more  clear  to  the  lees 
experienced,  we  may  state,  for  instance,  that  a  battery  composed  of  the 
two  elements,  zinc  and  copper,  as  the  WoUaston  and  Daniell  batteries, 

*  See  also  pp.  45X-454  and  pp.  473  ot  seq. 
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are  far  leas  intense,  tiiat  is  to  say,  they  possess  feebler  electromotive 
force,  than  Bunsen's  battery,  with  carbon  and  zinc  elements.  The 
latter  battery,  therefore,  is  more  suited  to  the  electro-deposition  of 
brass,  and  is  indeed  preferable  to  any  other.  The  qualify  of  the 
deposit  is  also  much  influenced  by  the  temperature  of  the  solution 
and  the  materials  with  which  it  is  prepared,  some  formulse  yielding 
solutions  which  are  better  conductors  than  others,  and  consequently 
offer  less  resistance  to  the  current. 

In  making  up  solutions  for  the  deposition  of  alloys,  as  brass,  bronze, 
and  German  silver,  for  example,  the  author  prefers  to  prepare  them 
in  what  may  be  termed  the  direct  way  ;  that  is  to  say,  instead  of  form- 
ing the  depositing  solution  from  a  mixture  of  the  metallic  salts  and 
their  solvents,  according  to  the  usual  method  of  preparing  such 
solutions,  he  first  dissolves  the  metallic  alloy  in  its  acid  solvent — 
nitric  or  nitro-hydrochlorio  acid  {aqua  regia) — and  from  the  acid 
solution  thus  obtained  he  forms  the  depositing  bath  by  either  of  the 
methods  given  below.  It  may  be  well  to  remark,  however,  that  in 
making  up  a  brass  bath  upon  this  system,  metal  of  the  very  best 
quality  should  be  employed,  and  the  solution  should  be  formed  from 
the  identical  sample  of  brass  which  is  to  be  used  as  an  anode  in  the 
depositing  tank.  The  proportions  g^ven  are  for  one  gallon  of  solution, 
but  it  win  be  readily  understood  that,  adopting  the  same  proportions 
of  the  materials,  a  bath  of  any  desired  quantity  can  be  prepared. 
8oliittoiis.~iyo.  /.—Take  of 


Good  sheet  brass x  ouDce. 

Nitric  acid  (by  measure)  about                          .4  ounces. 
Water 2    „ 

Cut  up  the  sheet  brass  into  strips,  and  put  them  carefully  into  a  glass 
flask,  then  pour  in  the  water  and  acid.  To  accelerate  the  chemical 
action  the  flask  should  be  gently  heated  over  a  sand  bath,  and  the 
fumes  must  be  allowed  to  escape  through  the  flue  of  the  chimney. 
When  the  red  fumes,  liberated  during  the  decomposition,  cease  to  be 
visible  in  the  bulb  of  the  fla.Hk  the  chemical  action  is  at  an  end,  pro- 
vided a  portion  of  undissolved  brass  remains  in  the  flask.  If  such  be 
not  the  case  a  few  fragments  of  the  metal  should  be  put  into  the  flask 
and  the  heat  continued,  when,  if  red  fumes  are  agtiin  given  off,  the 
heat  should  be  kept  up  until  the  fumes  disappear  while  a  portion  of 
undissolved  metal  still  remains  in  the  flask.  The  reasons  for  giving 
these  precautionary  details  are — i,  that  it  is  important  there  should 
be  as  littie  excess  of  acid  as  possible  in  the  solution ;  and  2,  that  the 
strength  of  commercial  nitric  acid  is  very  variable,  and  therefore 
chemically  minute  proportions  cannot  advantageously  be  gfiven.  "We 
may  say,  moreover,  that  the  exact  quantity  of  brass  per  gallon  of  solu- 
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tion  is  of  no  consoquence  ;  if  the  proportion  nearly  approaches  that 
giyen  in  the  formula,  it  will  be  quite  near  enough  for  all  practical 
purposes.  While  touching  upon  this  subject  we  may  also  state  that 
the  active  quality  of  commercial  cyanide  of  potassium  also  varies 
greatly  ;  consequently  it  may  be  necessary  to  apply  either  more  or  less 
than  the  quantity  specified  below,  according  to  the  quality  of  the 
article  that  may  fall  into  the  hands  of  the  user.  Upon  this  subject  we 
shall,  however,  say  more  hereafter. 

The  acid  solution  of  brass  must  next  be  poured  into  a  vessel  of 
sufficient  capacity,  and  diluted  with  about  three  or  four  times  its  bulk 
of  water.  Then  add  liquid  ammonia  (specific  gravity  '880°),  gradually 
to  the  green  solution  of  the  metals,  stirring  with  a  glass  rod,  when  a 
pale  green  precipitate  will  be  formed,  which  will  afterwards  become 
dissolved  by  adding  an  excess  of  ammonia,  forming  a  beautiful  deep 
blue  solution.  This  solution  should  become  perfectly  clear  when  the 
necessary  quantity  of  ammonia  has  been  added,  but  if  such  be  not 
the  case,  a  little  more  must  be  added,  with  brisk  stirring,  until  the 
precipitate  is  quite  dissolved  and  a  clear  solution  obtained.  The  exact 
quantity  of  ammonia  required  will  depend  upon  the  amount  of  free 
acid  remaining  in  the  metallic  solution  first  prepared.  A  moderately 
strong  solution  of  cyanide  must  now  be  added  to  the  blue  solution, 
with  constant  stirring,  until  the  blue  colour  entirely  disappears.  When 
sufficient  cyanide  has  been  added  to  destroy  the  blue  colour,  the 
solution  will  acquire  a  pinkish  tinge,  and  on  the  application  of  a 
little  more  cyanide  solution  this  will  in  its  turn  disappear,  and  the 
liquid  will  assume  a  yellowish  tint,  when  a  moderate  excess  of  the 
cyanide  must  be  given  as  '*  free  cyanide,"  and  the  solution  then  made 
up  to  the  full  quantity  (one  gallon)  by  the  addition  of  water.  The 
solution  should  then  be  set  aside  to  rest  for  a  few  hours,  when  the 
clear  liquor  may  be  poured  into  the  depositiag  vessel.  The  last  portion 
of  the  liquor  should  be  passed  through  a  filter,  to  separate  any  im- 
purities (chiefly  derived  from  the  cyanide)  which  may  be  present.  If 
convenient,  the  entire  bulk  of  the  solution  may  be  filtered,  which  is  in 
all  cases  preferable.  A  brassing  bath  always  works  most  satisfactorily 
if  not  used  for  at  least  twenty-four  hours  after  being  prepared, 
although  it  may,  if  required,  be  used  directly  after  being  filtered. 
If  to  be  used  hot,  the  solution  may  be  further  diluted. 

Solution  II. — One  ounce  of  brass  being  dissolved  as  before,  the 
solution  is  to  be  diluted  with  about  three  pints  of  cold  water ;  a  solu- 
tion of  carbonate  of  potash  (about  half-a-pound  to  a  quart  of  water) 
is  to  be  gradually  added,  with  frequent  stirring,  until  no  further  pre- 
cipitation takes  place.  The  precipitate  formed  should  next  be  put 
into  a  filter  of  unbleached  calico  stretched  over  a  wooden  frame,  and 
when  the  liquor  has  ceased  to  drain  from  it,  hot  water  should  be 
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poured  on  to  the  mass,  which  must  be  stured  with  a  wooden  spoon,  or 
flat  strip  of  wood,  so  as  to  assist  the  washing  of  the  precipitate  with 
the  water.  When  the  precipitate  is  thoroughly  drained,  it  is  to  be 
transferred  to  a  oonyeuient  vessel,  and  redissolved  by  liquid  ammonia, 
which  is  to  be  added  gradually,  and  constantly  stirred  in  until  the 
whole  is  dissolved,  and  a  dark  blue  solution  formec' .  After  reposing 
for  a  few  minutes,  the  clear  liquor  may  be  poured  off,  and  should  any 
undissolved  g^reen  precipitate  remain  at  the  bottom  of  the  vessel, 
ammonia  must  be  added  to  this  until  dissolved,  when  the  resulting 
blue  liquor  is  to  be  added  to  the  bulk.  A  strong  solution  of  cyanide 
IB  now  to  be  added  to  the  blue  liquor,  until  its  characteristic  colour 
has  entirely  disappeared,  after  which  a  moderate  excess  of  the  cyanide 
solution  is  to  be  added,  and  the  solution  then  made  up  to  i  gallon 
(according  to  the  proportion  of  metal  dissolved)  with  cold  water.  The 
repose  or  filtration  as  before  should  be  again  resorted  to. 
Solution  III,— 

Acetate  of  copper 
Sulphate  of  zinc 
Caustic  potash 
Liquid  ammonia     . 
Cyanide  of  potassiam 


5 

ounces. 

10 

n 

4i 

lbs. 

z 

quart 

8 

ounces. 

The  acetate  of  copper  should  be  first  powdered,  and  then  dissolved  in 
about  2  quarts  of  water.  To  this  add  one-half  of  the  ammonia 
(i  pint).  Now  dissolve  the  sulphate  of  zinc  in  i  g^aUon  of  water  at  a 
temperatnre  of  180**  Fahr. ;  to  this  add  the  remaining  pint  of  the 
ammonia,  constantiy  stirring  while  the  liquid  is  being  added.  The 
potash  is  next  to  be  dissolved  in  i  gallon  of  water,  and  the  cyanide  in 
I  gallon  of  hot  water,  after  which  the  several  solutions  are  to  be  mixed 
as  follows  :  The  solutions  of  copper  and  zinc  are  to  be  first  mixed,  the 
solution  of  potash  then  added,  and  lastiy  the  cyanide.  The  whole 
must  now  be  weU  stirred,  and  then  allowed  to  repose  for  a  short  time, 
when  tiie  agitation  may  be  resumed  and  repeated  at  intervals  during 
a  couple  of  hours  or  so.  Water,  to  make  up  8  gallons  in  aU,  is  now 
to  be  added,  and  the  solution  then  allowed  to  rest  for  a  few  hours, 
when  the  clear  liquor  is  to  be  decanted  into  the  bath.  This  solution 
should  be  worked  with  a  strong  current,  with  additions  of  liquid  am- 
monia  and  cyanide  from  time  to  time  when  the  anode  becomes  foul.  It 
is  important  in  working  this,  as  in  all  other  brassing  solutions,  that  the 
anode  should  be  kept  clean,  a  condition  which  is  not  possible  with  ihese 
solutions  unless  there  be  an  excess  of  the  solvents,  cyanide  and  JiwimnTtift. 
Bni]ii61,  Binon,  *  Oc's  Proowi,— i.  The  brasang  solution  is 
formed  from  the  foUowiug  ingredients,  which  shoiild  each  be  dissolvei 
in  separate  vessels : — 
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Carbonate  of  potaasa  (salt  of  tartar)  zo   pounds. 

Cyanide  of  potassium z)  pound. 

Sulphate  of  zinc li     >» 

Chloride  of  copper zo   onnces. 

Water z2(  gallons. 

A  sufficient  quantity  of  the  potash  solution  is  to  be  added  to  the  sul- 
phate of  zinc  and  chloride  of  copper  solutions  to  precipitate  all  the 
metal  in  the  form  of  earbonaiet.  Liquid  ammonia  (specific  gravity 
'880**)  is  now  to  be  poured  into  each  vessel,  being  well  stirred  in  to 
dissolve  the  respective  precipitates,  when  the  solutions  are  to  be 
added  to  the  cyanide  solution ;  the  remainder  of  the  potash  solution 
is  next  to  be  added,  and  the  whole  well  stirred ;  water  is  then  to 
be  added  to  make  up  a  bath  of  12^  gallons.  The  solution  is  to  bo 
worked  with  two  or  more  Bunsen  batteries,  with  a  large  brass 
anode.  As  before  reconmiended,  the  solution  should  not  be  worked 
until  some  hours  after  being  made,  and  the  clear  liquid  must  bo 
decanted,  so  as  to  separate  it  hx)m  any  sedimentary  matter  that  may 
be  present  from  impurities  in  the  cyanide  or  otherwise.  After  using 
the  bath  for  some  time,  it  will  require  moderate  additions  of  cyanide 
and  liquid  aizmionia,  to  keep  the  anode  free  from  the  white  salt  of 
zinc  which  forms  upon  its  surface  when  the  excess  of  these  substances 
has  become  exhausted.  In  adding  fresh  cyanide,  a  portion  of  the 
solution  zziay  be  taken  out  of  the  bath  with  a  jug,  and  a  few  lumps  of 
cyanide  (say  half  a  pound)  added,  and  as  this  becomes  partially  dis- 
solved, the  liquid  is  to  be  added  to  the  bath,  and  the  jug  again  filled 
with  the  solution  as  before  ;  in  this  way  the  bath  may  be  strengpthened 
with  cyaziide  without  employing  water  to  dissolve  it.  In  warm 
weather,  however,  when  the  bath  loses  water  by  evaporation,  the 
cyaziide  znay  be  dissolved  in  water  before  adding  it  to  the  bath. 
When  either  liquid  azimioziia  or  cyanide  are  to  be  added  to  the  solu- 
tion, this  znay  be  conveniently  done  overnight,  and  the  bath  well 
stirred,  whczi  by  the  following  morning  the  disturbed  sediment,  which 
always  accumulates  at  the  bottom  of  depositing  vessels,  will  have 
had  time  to  settle. 

Solution  2. — This  is  prepared  from  the  following  ingredients  : — 

Sulphate  of  zinc 2    pounds. 

Chloride  of  copper z    pound. 

Carbonate  of  potassa 25    pounds. 

Nitrate  of  ammonia Z2i      „ 

The  chloride  of  copper  is  tu  be  dissolved  in  half  a  gallon  of  water,  the 
carboziate  of  potash  in  6  g^Uozis  of  water,  and  the  sulphate  of  zinc 
in  half  a  gallon  of  hot  water.  These  three  solutions  are  now  to  be 
mixed,  and  the  nitrate  of  ammonia  added,  when  the  whole  are  to  be 
well  uziited  by  stirring.     Sufficient  water  is  next  to  he  added  to 
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milic  up  about  20  gallons  of  solution,  which  must  be  allowed  to  rest 
for  some  hours  before  using  it.  After  working  this  solution  for  some 
time  it  will  be  necessary  to  add  moderate  quantities  of  liquid  ammonia 
and  cyanide  of  potassium,  otherwise  the  anode  wiU  become  foul  and 
thus  incapable  of  becoming  dissolved  in  the  solution. 

lit  8ala«d#'s  VrootMMB. — i.  This  is  prepared  from  the  following 
formula : — 

Cyanide  of  potassiam 

Carbonate  of  potassa 

Sulphate  of  zinc      .... 

Chloride  of  copper  . 

Nitrate  of  ammonia 

Water      ...... 


12 

parts. 

.  610 

)) 

.    48 

» 

25 

» 

■  305 

« 

.  5000 

»f 

The  cyanide  is  to  be  dissolved  in  120  parts  of  the  water,  and  the  car- 
bonate of  potash,  sulphate  of  zinc,  and  chloride  of  copper  are  next  to 
be  dissolved  in  the  remainder  of  the  water,  the  temperature  of  which 
is  to  be  raised  to  about  150°  Fahr.  When  the  salts  are  well  dissolved, 
the  nitrate  of  ammonia  is  to  be  added,  and  the  mixture  well  stirred 
imtil  the  latter  is  all  dissolved.  The  solution  should  be  allowed  to 
stand  for  several  days  before  using,  and  the  dear  liquor  separated  from 
any  sediment  that  may  have  deposited  at  the  bottom  of  the  vessel. 
Solution  2. — 

Cyanide  of  potassiam    .        *        ...      50  parts. 

Carbonate  of  potassa 500     „ 

Sulphate  of  zinc    •.••••      35     », 

Chloride  of  copper 15     » 

Water 5000     „ 

This  solution  is  to  be  made  up  in  the  same  way  as  No.  i. 

Solution  3.  Bronzing  Solution. — ^This  solution  is  the  same  as  No.  i, 
except  that  25  parts  of  chloride  of  tin  are  substituted  for  the  sulphate 
of  zinc. 

Solution  4.  Bronzing  Solution. — ^This  solution  is  the  same  as  No.  2, 
with  the  exception  that  1 2  parts  of  chloride  of  tin  are  substituted  for 
the  sulphate  of  zinc.  This  solution  is  worked  waim,  that  is,  at  about 
97*^  Fahr. 

]f«wton's  riuueasM  consist  in  forming  solutions  for  depositing 
brass  or  bronze.  Ho  mixes  chloride  of  zinc  with  the  chloride  of 
ammonium  (sal-ammoniac),  chloride  of  sodium  (common  salt),  or  chlo- 
ride of  potassium,  dissolved  in  water.  Or  he  makes  a  mixture  of 
acetate  of  zinc  dissolved  in  water  and  acetate  of  ammonia,  soda,  or 
potassa.  In  making  up  a  brassing  solution,  Newton  adds  to  either  of 
the  above  solutions  a  proportion  of  the  corresponding  salt  of  copper ; 
for  example,  with  the  acetate  of  zinc  he  would  unite  acetate  of  oopper, 
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and  80  on.  In  malring  a  bronzing  solution,  he  dissolyes  the  doable 
tartrate  of  oopper  and  potassa,  and  doable  tartrate  of  the  protoxide 
of  tm  and  potaaaa.  He  deposits  an  alloy  of  zino,  tin,  and  oopper  by 
employing  a  solution  oomposed  of  the  following :  double  cyanide  of 
oopper  and  potassium,  '*  zincate  '*  of  potassa,  and  staimate  of  potaasa. 
The  zineaie  of  potassa  he  forms  by  fusing  oxide  of  zino  with  caustic 
potassa,  and  the  stannaite  of  potassa,  either  by  fusing  oxide  of  tin  with 
caustic  potassa,  or  by  dissolving  it  in  a  solution  of  potassa.  To  form 
a  brassing  bath,  he  also  employs  a  solution  consisting  of  a  g^yen 
quantity  of  oxide  of  copper  dissolved  in  an  excess  of  cyanide  of 
potassium  ;  oxide  of  zinc  and  a  litUe  liquid  ammonia  are  then  added, 
and  the  solution  heated  from  120°  to  140^  Fahr.  Water  is  then  added 
to  allow  the  solution  to  contain  3  ounces  of  the  metallic  oxides  to  each 
gaUon  of  the  solution,  that  is,  2  ounces  of  zinc  oxide  to  I  ounce  of 
copper  oxide,  being  the  proportions  to  form  brass. 

BnaMll  and  H^oolxloli's  Piuuew. — ^A  solution  is  made  of  the 
following : — 

Acetate  of  copper 10  poands. 

„         zinc                      ....  I  poaud. 

„         potassium 10  pounds. 

Water 5  gallons. 

The  salts  are  to  be  dissolved  in  the  water,  and  as  much  of  a  solution 
of  cyanide  added  as  will  first  precipitate  the  metals,  and  afterwards 
rediseolve  the  precipitate.  An  excess  of  cyanide  is  then  to  be  added, 
and  the  solution  set  aside  to  settie  as  before.  A  brass  anode,  or  one 
of  zinc  and  another  of  oopper,  may  be  used. 

Wood's  Vroceas  consists  in  making  a  solution  as  follows : — 

Cyanide  of  potassium  (troy  weight)         .        .  i  pound. 

„         copper 2  ounces. 

„         zinc z  ounce. 

Distilled  water z  gallon. 

When  the  ingredients  are  dissolved,  add  2  ounces  of  sal-am- 
moniac. For  coating  smooth  articles,  it  is  recommended  to  raise  the 
temperature  of  the  solution  to  160°  Fahr.,  using  a  strong  current. 

Konrls  and  Jolmaon's  Froeou. — ^A  solution  is  made  by  dissolv- 
ing in  z  gallon  of  water — 

Cyanide  of  potassium i  pound. 

Carbonate  of  ammonia i      » 

Cyanide  of  copper     ....*.  2  ounces. 

„         zinc z  ounce. 

The  solution  is  to  bo  worked  at  a  temperature  of  150®  Fahr.,  with  a 
large  brass  aziode,  and  a  strong  current. 
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9r.  BMirMft's  Piuiw. — ^Aooording  to  this  authority,*  a  brassing 
solution  may  be  prepared  by  employing  a  large  excess  of  zino  to  a 
very  small  proportion  of  copper,  as  follows : — ^Take 

Snlphate  of  copper z  part 

„  zinc 8  parts. 

Cyanide  of  potassiam x8     » 

The  ingredients  are  to  be  dissolved  in  separate  portions  of  warm 
water.  The  copper  and  zinc  solutions  are  now  to  be  mixed,  and  the 
cyanide  solution  then  added,  when  250  parts  of  distilled  water  are  to 
be  added,  and  the  mixture  well  stirred.  The  bath  is  to  be  used  at 
the  boiling  temperature,  with  two  Bunsen  cells.  By  this  process  it  is 
said  that  very  rapid  deposits  of  brass  have  been  obtained  upon  articles 
of  copper,  zinc,  Britannia  metal,  &c. 

Boa^lmir'a  Proee— e«. — i.  Dissolve  in  1,000  parts  of  water,  25 
parts  of  sulphate  of  copper  and  from  25  to  30  parts  of  sulphate  of 
zinc ;  or,  12^  parts  of  acetate  of  copper  and  I2|  to  15  parts  of  fused 
chloride  of  zinc.  The  mixture  is  to  be  precipitated  by  means  of  100 
parts  of  carbonate  of  soda  previously  dissolved  in  plenty  of  water, 
with  constant  stirring.  The  precipitate  is  to  be  washed  several  times, 
by  first  allowing  it  to  subside  and  then  pouring  off  the  supernatant 
liquor  (which  may  be  thrown  away),  when  fresh  water  is  to  be  poured 
on  the  precipitate,  and  after  again  stirring  it  is  allowed  to  subside,  the 
washing  to  be  repeated  two  or  three  times.  After  pouring  off  all  the 
water  the  last  time,  a  solution  composed  of  50  parts  of  bisulphite  of 
sodium  and  100  parts  of  carbonate  of  soda  dissolved  in  1,000  parts  of 
water,  is  to  be  added,  stirring  well  with  a  wooden  rod.  A  strong 
solution  of  commercial  cyanide  of  potassium  is  now  to  be  added  until 
the  precipitate  becomes  just  dissolved.  From  2J  to  3  parts  of  cyanide 
in  excess  are  now  to  be  added  with  stirring,  when  the  solution  is 
complete. 

Solution  2. — ^To  form  a  cold  bath  for  brassing  all  metals,  dissolve 
15  parts  of  snlphate  of  copper  and  15  parts  of  sulphate  of  zinc  in  200 
parts  of  water ;  now  add  a  solution  made  by  dissolving  40  parts  of 
carbonate  of  soda  in  100  parts  of  water,  and  stir  the  mixture  well. 
The  precipitate  is  allowed  to  subside,  as  before,  when  the  clear  liquor 
is  to  be  run  off,  and  fresh  water  added,  to  wash  the  precipitate,  the 
washing  to  be  repeated  several  times.  To  the  drained  precipitate  add 
20  parts  of  bisulphite  of  sodium  dissolved  in  900  parts  of  water.  Now 
dissolve  20  parts  of  cyanide  of  potassium  and  two-tenths  of  a  part  of 
arsenious  acid  (white  arsenic)  in  100  parts  of  water,  and  add  this  to 
the  former  liquor.     This  decolours  the  mixture  and  completes  the 
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brassing  solution.  The  effect  of  the  arsenioTis  acid  is  to  render  the 
deposit  bright.  We  were  long  accustomed  to  employ  small  quantities 
of  white  arsenic  with  our  brassing  solutions,  and  when  used  with 
moderation  considered  the  addition  highly  favourable  to  a  good  deposit 
of  brass.  Roseleur  recommends,  in  working  this  bath,  to  add  a  little 
cyanide  when  the  deposit  looks  earthy,  or  ochreous,  and  arsenic  when 
it  yields  a  dtdl  deposit ;  if  too  red,  a  little  zinc  and  cyanide  are  to  be 
added ;  if  too  white,  a  little  copper  and  cyanide  ;  if  the  solution  works 
tardily,  add  both  zinc  and  copper  salts,  and  more  cyanide ;  and  since 
the  anode  does  not  dissolve  freely  enough  to  keep  up  the  streng^  of 
the  solution,  these  additions  of  the  metallic  salts  and  cyanide  must  be 
made  from  time  to  time  whenever  the  bath  works  tardily.  The  same 
remedy  should  be  applied  to  all  brassing  solutions  when  they  work 
sluggishly.  When  the  above  solution,  by  the  additions  of  the  metalHo 
salts,  reaches  a  higher  specific  gravity  than  I'OQi,  water  must  be 
added,  but  the  specific  gravity  must  not  be  lower  than  i  'O36. 

Solution  3. — ^The  following  solution  is  recommended  for  coating 
steel,  cast  iron,  wrought  iron  and  tin : — Dissolve  2  parts  of  bisulphite 
of  soda,  5  parts  of  cyanide  of  potassium  (of  75  per  cent.),  and  10  parts 
of  carbonate  of  soda  in  80  parts  of  distilled  water,  and  add  to  the 
mixture  i  part  of  fused  chloride  of  zinc  and  i^  parts  of  acetate  of 
copper,  dissolved  in  20  parts  of  water. 

Solution  4. — For  coating  zinc  articles,  the  following  solution  is 
recommended : — 20  parts  of  bisulphite  of  soda  and  100  of  cyanide  of 
potassium  (of  75  x)er  cent.)  aie  dissolved  in  2,000  parts  of  water. 
Then  dissolve  35  parts  of  chloride  of  zinc,  35  parts  of  acetate  of 
copper,  and  40  parts  of  liquid  ammonia  in  .500  parts  of  water.  The 
solutions  are  now  to  be  mixed  and  the  compound  solution  passed 
through  a  filter. 

In  working  these  solutions,  if  too  strong  a  current  be  employed,  or 
too  large  a  surface  of  anode  exposed  in  the  solution,  zino  only  will  be 
dex)osited ;  if  the  current  be  feeble,  or  if  the  articles  are  kept  in 
motion  while  deposition  is  taking  place,  the  deposit  will  be  chiefly  or 
wholly  copper.  If  a  white  deposit  of  oxide  of  zinc  appears  upon  the 
anode,  a  small  quantity  of  liquid  ammonia  should  be  added  to  the 
bath. 

Waltnn's  Proc— — . — A  solution  for  depositing  brass  is  made  as 
follows : — Crystallised  sulphate  of  zinc  I  part,  and  crystallised  nitrate 
of  copper  2  parts,  are  dissolved  to  saturation.  Strong  liquid  ammonia 
is  then  added  in  sufficient  quantity  to  precipitate  the  oxides  and  redis- 
solve  them.  Cyanide  of  potassium  is  then  added  until  the  purple 
liquid  is  completely  decoloured.  The  resulting  solution  should  be  left 
to  repose  for  a  day  or  two,  and  may  be  worked  with  from  i  to  3  Smee 
cells,  using  heat  if  a  brass  anode  be  employed.     It  is  preferred,  how- 
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ever,  to  work  the  solution  by  a  "porous  cell  arrangement,  in  which 
the  surface  of  the  solution  next  the  zinc  or  other  dissolving  plate  is 
at  a  greater  elevation  than  that  of  the  external  or  depositing  solu- 
tion." In  working  the  solution,  the  hydrated  oxides  of  copper  and 
zinc  are  added  from  time  to  time,  and,  if  necessary,  ammoniuret  of 
copper  also. 

For  a  hot  brassing  solution,  Walenn  gives  the  following  formula :  — 
A  **  solvent  solution  "  is  first  made,  consisting  of — 

Cyanide  of  potassium  (standard  solution)    .  6  parts. 

Nitrate  of  ammonium         „  „  .        .    i  part 

Sulphate  of      „  „  „  .        .    2  parts. 

The  standard  solution  of  each  salt  consists  of  the  solid  salt  dissolved 
in  five  times  its  weight  of  water.  The  ingredients  being  mixed,  the 
whole  is  divided  into  three  parts : 

Free  solvent  solution x    part 

Solution  to  dissolve  cupric  cyanide    .  .5^  parts. 

»  »>       zinc  „  .        .        .     2t      „ 

When  the  respective  cyanides  have  been  dissolved  to  saturation  in  the 
above  proportions,  the  free  solution  is  added,  and  the  whole  well 
mixed ;  ammoniuret  of  copper  is  then  added,  and  the  solution  set 
aside  for  a  day  or  two.  Walenn  prevents  the  evolution  of  hydrogen 
(or  nearly  so)  during  deposition  by  adding  the  hydrated  oxides  of 
copper,  or  ammoniuret  of  copper  and  zinc,  in  sufficient  quantity  for 
the  purpose. 

By  another  process  he  employs  solutions  of  cyanide  of  potas- 
sium and  tartrate  of  ammonium,  in  equal  proportions.  In  this 
menstruum  he  dissolves  cyanides,  tartrates,  carbonates,  &c.  of  copper 
and  zinc,  and  the  solutions  thus  formed  may  be  worked  either  hot  or 
cold.  The  proportions  of  the  various  salts  must  be  varied  according 
to  the  strength  of  the  current  employed. 

Walenn  makes  the  following  observations  on  the  electro-deposition 
of  copper  and  brass: — '*  A  solution  containing  one  pound  of  cupric 
sulphate,  and  one  of  sulphuric  acid  to  a  gallon  of  water,  dejwsits  the 
metal  in  a  solid  and  compact  mass,  with  a  somewhat  botiyoidal* 
surface.  The  addition  of  one  ounce  of  zinc  sulphate  (as  recommended 
by  Napiesr)  prevents  this  botryoidal  form,  and  renders  the  deposit 
tough,  compact,  and  even.  From  a  solution  containing  a  greater 
proportion  of  zino  sulphate,  copper  is  deposited  in  tufts  or  needles, 


*  Botryoidal,  resembling  a  bunch  of  grapes ;  referring  to  the  Tiodular  or 
knotty  form  which  copper  assumes  at  the  back  of  electrotypes. 
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standing  at  right  angles  to  the  surface  of  the  metal.  Ordinary 
electro-brassing  liquids  [deposits  from]  show  the  same  peculiarity  in 
even  a  more  marked  degree,  and  this  makes  it  impossible  to  produce  a 
good  deposit  of  more  than  *oi  to  '03  inch  in  thickness.  This  form  of 
deposit  is  owing  chiefly  to  a  copious  evolution  of  hydrogen  taking 
place  during  its  formation."  While  not  disagreeing  with  Mr. 
Walenn*8  views,  the  author  may  state  that  he  has  found  that  a  small 
quantity  of  arsenious  acid  (previously  mixed  with  a  strong  solution  of 
cyanide)  added  to  brassing  baths  had  generally  rendered  the  deposit 
smooth  and  compact ;  the  quantity,  however,  must  be  small,  other- 
wise the  deposit  is  liable  to  be  of  a  brittle  character.  About  one 
drachm  of  arsenious  acid  to  each  gallon  of  bath  will  be  sufficient.  He 
has  usually  noticed  that  brassing  solutions  evolve  hydrogen  most 
freely  when  poor  in  metal,  and  when  containing  a  large  excess  of 
cyanide.  A  solution  richer  in  metal,  and  containing  but  a  moderate 
excess  of  cyanide,  gpenerally  yields  better  results,  both  as  to  colour 
and  general  character  of  the  deposit.  A  great  deal  depends,  however, 
upon  the  amount  of  current  and  its  tenHion,  and  also  upon  the  tem- 
perature of  the  bath.  A  solution  rich  in  copper  and  zinc  is  best 
worked  at  about  130°  Fahr.,  or  even  higher.  When  the  solution 
becomes  partly  exhausted  of  its  metals,  owing  to  the  brass  anodes  not 
becoming  freely  dissolved  in  the  solution,  it  is  always  advisable  to  add 
fresh  concentrated  cyanide  solutions  of  the  zinc  and  copper  salts  from 
time  to  time,  taking  care,  however,  only  to  add  them  in  sufficient 
quantity  to  obtain  the  desired  effect — a  coating  of  good  colour  with 
but  triiling  evolution  of  hydrogen  at  the  negative  electrode. 

BacGO's  SOlntion. — The  following  solution  is  said  to  yield  a  brass 
deposit  upon  zinc  work  that  will  stand  burnishing,  and  the  deposit 
may  be  obtained  either  by  simple  immersion  or  by  the  battery.  A 
solution  is  first  prepared  by  dissolving  equal  parts  of  sulphate  of  zinc 
and  sulphate  of  copper  in  water.  A  strong  solution  of  cyanide  of 
potassium  is  then  added  in  sufficient  quantity  to  redissolve  the  pre- 
cipitate formed ;  to  the  resulting  solution  one-tenth  to  one-fifth  of 
liquid  ammonia  is  added,  and  the  solution  is  then  diluted  with  water 
until  it  stands  at  about  8"  Baume.  For  a  light-coloured  deposit  of 
brass  2  parts  sulphate  of  zinc  to  i  part  sulphate  of  copper  are  used. 
In  adding  C3ranide  to  the  solution  of  the  sulphates,  great  care  must  bo 
taken  to  avoid  inhaling  the  cyanogen  fumes  that  are  liberated,  which 
euro  highly  poisonous.  A  solution  of  this  character  should  only  be 
prepared  by  a  person  well  accustomed  to  chemical  manipulations. 

WlncklAT's  Solution. — Saturated  solutions  of  chloride  of  zinc  and 
sulphate  of  copper  are  first  prepared,  in  separate  vessels.  A  solution 
of  cyanide  of  potassium,  consisting  of  cyanide  100  parts  m  water 
1,000  parts,  is  next  prepared,  and  this  is  added  to  the  solution  of 
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sulphate  of  copper  until  the  precipitate  at  first  formed  is  rediasolved, 
when  a  grass-green  liquid  results ;  into  this  the  solution  of  zinc  is 
gradually  introduced,  with  constant  stirring,  until  the  solution 
exhibits  a  white  turbidity.  The  solution  is  then  diluted  with  2,000 
parts  of  water,  and  heated  to  the  boiling  point  in  an  enamelled 
vessel,  and  then  allowed  to  cool.  It  is  next  filtered,  when  it  is  ready 
for  use.  The  bath  is  worked  at  the  ordinary  temperature,  with  a 
brass  anode. 

Braas  861iition  for  Bongli  Oa«t  Xron. — The  following  formula 
has  been  given  for  brassing  cast-iron  work,  and  is  said  to  yield  a 
good  colour : — 

Soft  water 14  pints. 

Bisulphite  of  soda 7  ounces 

Cyanide  of  potaasitun '7      n 

Carbonate  of  soda 34      m 

To  which  is  added — 

Acetate  of  copper 4^  ounces. 

Neutral  chloride  of  zinc 3^      » 

Water 3^  pints. 

AnMrtean  FonniilflD  fiir  Bnuwiiis  Bolutloiis.  —  The  Scientific 
American  publishes  the  following  formulse  for  brass  solutions: — I. 
When  tho  ordinary  commercial  cyanide  is  employed,  the  following  is 
said  to  answer  very  well ; — 

Sulphate  of  copper 4  oonces. 

Sulphate  of  zinc 4  to  5      „ 

Water i  gallon. 

Dissolve  and  precipitate  with  30  ounces  of  carbonate  of  soda ;  allow  to 
settle,  pour  off  the  clear  liquid,  and  wash  the  precipitate  several  times 
in  fresh  water.    Add  to  the  washed  precipitate- 
Carbonate  of  soda 15   ounces. 

Bisulphite  of  soda 7i      »> 

Water z    gallon. 

Dissolve  the  above  salts  in  the  water,  assisting  the  solution  by  con* 
stant  stirring ;  then  stir  in  ordinary  cyanide  of  potassium  until  the 
liquid  becomes  clear  and  colourless.  Filter  the  solution,  and  to  im- 
prove its  conductivity,  an  additional  half -ounce  of  cyanide  may  be 
given. 

Oild  Bath  for  all  Metals.— 

Carbonate  of  copper  (recently  prepared)  .        .    2  ounceF. 

f'S  80Qft       .  -  .  •  f      4  J, 

00 
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Butulphite  of  soda 4  ounces. 

Cyanide  of  poCaaaium  (pure)    .                         .  4       „ 

Areeniouis  acid 10       •> 

Water x  gallon. 

Dissolve,  precipitate,  and  redissolve  as  before,  and  filter  if  necessary. 
The  arsenious  acid  is  added  to  brighten  the  deposit ;  an  excess  is  apt 
to  give  the  deposited  metal  a  greyish -white  colour. 

Thick  Braas  ]>«pocita. — ^MM.  Person  and  Sire  patented  a  process 
for  obtaining  stout  coatings  of  braas  upon  steel  or  iron  by  depositing 
alternate  layers  of  zinc  and  copper  upon  the  objects,  and  then 
submitting  them  to  heat  until  the  metals  become  alloyed  with  each 
other. 

Braas  Solution  7r«par»d  toy  Battary  Fgooeia. — ^A  brassing 
solution  may  be  prepared  by  the  battery  method  by  suspending  a 
large  brass  anode  in  a  strong  and  warm  solution  of  cyanide  of  potas- 
slum,  to  which  liquid  ammonia  is  added;  about  i^  pound  of  good 
cyanide  and  10  ounces  of  strong  liquid  ammonia  to  the  gallon  of 
water  will  be  about  the  best  proportions.  A  strong  current  must  be 
employed.  Some  persons  reoonunend  the  addition  of  hydrocyanic 
acid ;  this  will  not  be  necessary  if  good  cyanide  be  used.  In  preparing 
solutions  by  the  battery  process,  or  indeed  by  the  ordinary  chemical 
methods,  it  is  far  better  to  employ  really  good  cyanide  of  a  g^uaranteed 
strength  than  to  call  in  the  assistance  of  hydrocyanic  acid,  which, 
even  in  the  most  careful  hands,  is  a  hazardous  substance  to  deal  with 
in  what  may  be  termed  practical  quantities.  All  the  best  results  in 
electro-deposition  have  been  obtained  without  the  direct  aid  of  this 
volatile  and  highly-poisonous  acid,  and  its  employment  should  never 
be  attempted  by  inexperienced  persons  under  any  circumstances 
wiiaUucvex'. 


CHAPTER  XXV. 

ELECTRO-DEPOSITION  OF  ALLOYS  {continued). 

Electro-brassiDg  Ciut-iron  Work. — Scouring. — Electro-brassing  Wrought-iroa 
Wurlc. — Electro-brassing  Zinc  Worls. — Electro-brassing  Lead,  Pewter, 
and  Tin  Work.— Observations  on  Electro-brassing. — Bronzing  Electro- 
bniased  Work.— French  Method  of  Bronzing  Electro-brassed  Zinc  Work. 
Green  or  Antique  Bronze.— Bronze  Powders.— Dipping  Electro-brassed 
Work.  -  Lacquering  Electro-brassed  Work.  —  Electro-deposition  of 
Bronze. — Electro-deposition  of  German  Silver. — Morris  and  Johnson's 
Process. — Deposition  of  an  Alloy  of  Tin  and  Silver.— Deposition  of 
Alloys  of  Gold,  Silver,  &e. — Deposition  of  Chromium  Alloys.— Slater's 
Process. — Deposition  of  Magnesium  and  its  Alloys. — Alloy  of  Platinum 
and  Silver.'New  White  Alloys.— Notes  on  Electro-brassing. 

filaetro-lnrMains  Cast-Iron  IRTork. — Owing  to  the  porous  nature 
of  this  class  of  work,  and  its  liability  to  present  certain  unavoidable 
defects  of  casting  known  as  sand -holes,  the  articles  to  be  coated  with 
brass  require  to  bo  prepared  with  some  care  before  being  immersed  in 
the  depositing  bath.  Moreover,  it  is  necessary  to  remove  the  coating 
of  oxide  from  the  surface  of  the  work  previous  to  submitting  the 
articles  to  the  processes  of  scouring  or  cleaning.  Cast-iron  work 
should  first  be  placed  in  a  *'  pickle  '*  composed  of  the  following  mix- 
ture, in  sufficient  quantity  for  the  work  in  hand : — 

Sulphuric  acid i  pound. 

Water z  gallon. 

The  articles  being  placed  in  the  above  pickle  are  allowed  to  remain 
therein  for  about  twenty  minutes  to  half  an  hour,  when  they  are 
taken  out,  one  at  a  time,  and  examined;  if  the  oxide  has  become 
sufficientiy  loosened  to  readily  rub  off  with  the  lingers,  the  articles  are 
to  be  at  once  placed  in  clean  cold  water  to  rinse  them  ;  they  are  then 
to  bo  scoured  with  a  hard  brush,  coarse  sand,  and  water.  If  after 
rinsing  any  black  oxide  obstinately  refuses  to  be  brushed  away,  the 
work  must  be  returned  to  the  pickle  for  a  short  time  longer,  or  until 
the  objectionable  matter  readily  yields  to  the  brush,  leaving  a  clean 
surface  beneath.  Some  articles  require  but  a  short  immersion  in  the 
acid  pickle,  while  others  need  a  much  longer  steeping.    When  thtj 
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articles  ore  coated  with  rust  (oxide  of  iron)  this  may  be  romoyed  by 
brushing  thorn  over  with  strong  hydrochloric  acid,  after  which  they 
sliould  be  immersed  in  the  sulphuric  acid  pickle  until  it  is  found  that 
sand  and  water,  applied  with  a  very  hard  brush,  will  clean  them. 
A  solution  for  brassing  cast-iron  work  should  be  very  rich  in  metal. 

Scouring. — When  the  articles  are  sufficiently  pickled,  they  are  to 
be  removed  from  the  bath  and  well  rinsed  in  clean  water ;  they  are 
then  taken  to  the  "  scouring  tray,*'  and  being  placed  on  the  horizontal 
board,  are  to  be  well  rubbed  with  the  hard  brush  and  coarse  sand 
moistened  with  water,  until  they  are  perfectly  bright  and  clean  and 
free  from  all  traces  of  oxide  on  their  surfaces.  They  are  now  to  be 
thoroughly  rinsed  in  clean  water,  and  are  then  ready  for  the  brassing- 
bath.  Some  operators  prefer  to  give  them  a  momentary  dip  in  a 
weak  and  cold  potash  bath,  and  then  rinse  them  before  placing  the 
articles  in  the  depositing  bath.  The  work  should  be  suspended  in  the 
bath  by  stout  copper  wires,  and  in  the  case  of  large  pieces  of  work 
several  such  sUnging  wires  should  be  employed,  not  only  to  give 
support  to  the  articles,  but  to  equalise,  as  far  as  possible,  the  action  of 
the  current ;  since  it  must  be  remembered  that  oast  iron  is  but  an 
indifferent  conductor  as  compared  with  other  metals. 

Bleetro-lmuuins  Wiuiislit-iron  UToxIc. — ^This  class  of  work  is 
more  readily  coated  with  brass  (and  copper)  than  the  former,  the 
metal  being  less  porous  and  the  articles  generally  in  a  smoother  con- 
dition. The  work  is  first  to  be  pickled  as  before,  and  afterwards  well 
scoured  with  sand  and  water,  and  then  rinsed.  The  solution  in  which 
wrought- iron  goods  arc  brassed  may  have  rather  less  metal  (that  is, 
zinc  and  coi)per)  than  is  necessary  for  cast  iron.  Wlien  the  articles 
have  been  in  the  bath  a  few  moments,  they  should  be  tinted  with  the 
characteristic  colour  of  brass.  If,  however,  the  colour  is  of  too  red  a 
tone  (showing  an  excess  of  copper  in  the  deposit)  the  brass  anode 
should  be  lowered  a  little  further  into  the  solution  until  the  deposit 
is  of  the  proper  colour.  If,  on  the  contrary,  the  deposit  is  palcy  or 
whitish  (indicating  an  excess  of  zinc),  the  anode  must  be  raised  out  of 
the  solution  to  a  slight  extent.  By  regulating  the  anode  surface  in 
solution  the  colour  of  the  deposit  may  be  greatly  varied  ;  the  current 
of  electricity  must  also  be  regulated  according  to  the  surface  of  work 
in  the  bath  and  the  character  of  the  metal  to  be  coated — cast  iron,  for 
example,  requiring  a  current  of  gfreater  electromotive  force  than 
wrought  iron. 

BlACtro-braJWiiiff  SSlne  Work. — ^This  metal  receives  the  brass 
deposit  very  freely,  and  the  articles  made  from  it  are  generally  pre- 
pared tor  the  bath  with  very  little  trouble  as  compared  witli  iron 
work.  Zinc  goods  should  first  be  steeped  in  a  pickle  compoaedof 
dilute  sulphuric  acid,  or  the  following  mixture : — 
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Sulpbnric  acid i  ounce. 

Hydrochloric  acid 2  ounces. 

Water i  gallon. 

The  work  fihould  be  immerBed  in  the  above  bath  from  ten  to  twenty 
minutes,  then  well  rinsed,  and  next  scoured  with  a  hard  brush,  silver 
sand,  and  water ;  after  being  again  rinsed,  the  article  is  to  be  immersed 
in  the  brass  bath,  and  it  will  g^eneraUy  become  coated  all  over  in  a 
few  moments,  providing  the  bath  be  in  good  condition,  the  current  of 
sufficient  power,  and  the  proper  surface  of  anode  exposed  in  the  solu- 
tion. If  the  deposit  does  not  take  place  within  a  few  seconds  after 
immersion,  the  anode  should  at  once  be  lowered  in  the  bath  until  tie 
yellow  colour  has  struck  well  over  the  article,  after  which  it  may  le 
again  raised,  and  the  operation  then  allowed  to  proceed,  undisturbed, 
until  a  coating  of  sufficient  thickness  is  obtained.  Since  this  class  of 
work  is  not  generally  required  to  be  subjected  to  friction  (being  chiefly 
castings  of  an  artistic  or  ornamental  character)  a  stout  coating  of  brass 
is  unnecessary ;  moreover  the  zinc  work,  when  electro-brassed,  is 
usually  required  either  to  be  brotiztdy  electro-gilt,  lacquered,  or  finished 
in  some  other  way.  Zinc  and  iron  articles  should  not  be  suspended  in 
the  bath  at  the  same  time  if  it  be  possible  to  avoid  it ;  if,  however, 
this  rule  oazmot  be  conveniently  followed,  the  iron  articles  should 
enter  the  bath  first,  and  when  these  have  become  coated  with  brass 
the  zinc  work  may  then  be  introduced.  When  zinc  goods  have 
received  the  required  deposit,  they  should  be  well  rinsed  in  hot  but 
not  boiling  water,  and  then  placed  in  hot  mahogany  or  boxwood 
sawdust.  After  being  well  brushed  with  a  soft,  long-haired  brush  to 
remove  the  sawdust,  the  piece  of  work  should  be  rubbed  with  a  clean 
diaper  or  chamois-leather,  and  may  then  be  lacquered  or  bronzed^  as 
desired.  If  the  article  is  required  to  be  g^t,  it  is  to  be  simply  well 
rinsed  after  removing  from  the  bath,  and  at  once  placed  in  the  gilding 
bath. 

m^etro-lmMaliis  Ii«ad,  Pawtor,  and  Tin  Work. — Brass  does 
not  deposit  upon  lead  so  readily  as  upon  zinc ;  but  pewter,  however, 
receives  the  deposit  pretty  freely.  Lead  and  pewter  articles  should 
be  pickled  for  about  half  an  hour  in  a  dilute  solution  of  nitric  acid, 
consisting  of  about  eight  ounces  of  the  acid  to  each  gallon  ot  water, 
then  scoured  with  silver  sand  and  water,  a  soft  brush  being  employed. 
They  are  then  to  be  rinsed  and  placed  in  the  brass  bath,  a  rather  largo 
surface  of  anode  being  immersed  in  the  solution  when  they  are  first 
suspended.  The  current  should  be  strong,  otherwise  lead  is  very  apt 
to  receive  the  coating  only  in  parts.  It  is  also  best  to  employ  a  warm 
solution  for  brassing  lead  and  pewter,  but  more  especially  the  former. 
Articles  of  tin,  or  tinned  iron  articles,  should  also  be  brassed  in  a  warm 
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solution,  and  treated  in  other  respects  in  the  same  way  as  the  former 
metals,  except  that  the  preliminary  pickling  (which  is  not  absolutely 
necessaiy  in  either  case)  may  be  dispensed  with. 

Stereotyx)e -plates  may  advantageously  receive  a  deposit  of  brass, 
and,  indeed,  this  method  of  producing  a  hard  surface  upon  these  plates 
has  been  to  some  extent  adopted,  a  warm  brassing  solution  being 
employed,  with  a  strong  current.  For  plates  which  have  to  be  used 
for  printing  with  vermilion  ink  neither  a  brass  nor  a  copper  facing  should 
be  adopted,  since  this  colour,  being  a  mercury  preparation,  would  be 
liable  to  attack  both  the  copper  and  its  alloy  (brass),  and  thus  not  only 
injure  the  metal  facing,  but  also  affect  the  colour  of  the  ink  itself. 

OlMMrvattona  on   Blsetro-lmuMliiff. — ^After   an  electro-brassing 
bath  has  been  used  for  some  time,  its  whole  character  becomes  greatly 
changed,  unless,  indeed,  it  has  been  worked  under  exceptionally 
favourable  conditions,  and  even  with  such  advantages  it  will  invariably 
yield  results  far  different  from  those  at  first  obtained.    There  are 
several  causes  for  this,  and  when  these  are  fully  understood  it  will  be 
more  readily  seen  how  tolerable  uniformity  of  action  may  be  secured, 
absolute  uniformity  being,  so  far  as  we  are  aware,  impossible  in  the 
deposition  of  this  or  any  other  alloy.    The  principal  causes  of  change 
in  the  condition  of  brass  deposits  are — (i)  Hie  anode,  being  composed 
of  two  metals  of  unequal  solubility  in  cyanide  of  potassium,  does  not 
become  freely  and  uniformly  dissolved  in  the  solution,  consequently 
the  latter  becomes  partially,   and  indeed  greatly,  deprived  of  its 
metallic  constituents ;  (2)  If  an  excess  of  ammonia  be  employed  as  one 
of  the  solvents,  this  volatile  substance  by  constantly  evaporating 
alters  the  condition  of  the  bath  in  proportion  to  its  volatilisation ; 
(3)  The  oxide  of  zinc  formed  at  the  brass  anode  being  less  soluble 
than  the  oxide  of  copper  evolved  at  the  same  electrode,  the  free  cyanide 
in  the  solution  is  largely  taken  up  by  the  latter  to  the  exclusion  of 
the  less  soluble  zinc  oxide,  and  as  a  consequence  this  latter  substance 
hangs  upon  the  surface  of  the  anode,  or  falls  to  the  bottom  of  the  bath 
as  an  undissolved  mass.    In  this  way  the  solution  becomes  more  freely 
supplied  with  copper  than  with  zinc,  and  therefore  becomes  altered 
from  its  orig^al  condition  ;  (4)  When  a  current  of  low  electro -motive 
force  is  used  in  depositing  brass,  the  copper  of  the  alloy  is  more  readily 
deposited  than  the  zinc,  which  requires  a  current  of  higher  electro- 
motive force  than  copper  for  its  deposition,  and  as  a  consequence  the 
solution  soon  becomes  altered  in  its  constitution.    For  example,  when 
a  Bunsen  battery  is  employed  in  the  deposition  of  this  alloy,  a  very 
g^ood  quality  of  brass  is  obtained  from  a  well-made  brassing  solution ; 
if  for  this  battery  a  single  Wollaston  battery  were  substituted,  all 
othw  conditions  being  the  same,  copper  alone  would  be  deposited  on 
the  cathode  ;  (5)  The  amount  Qf  aQod^  surface  immersed  in  solution  in 
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proportion  to  that  of  the  cathode  affects  the  deposition  of  brass  in  a 
sensible  manner.  To  illustrate  this,  a  very  important  lesson  may  be 
learnt  in  a  very  simple  way :  Take  a  small  steel  article,  say  a  pocket 
latch-key,  for  example,  and  connecting  it  with  the  negative  electrode 
of  a  Bunsen  battery,  suspend  it  in  the  brass  bath,  having  previously 
immersed  a  large  surface  of  the  brass  anode.  We  shall  at  once 
observe  that  a  deposit  of  zinc  only  has  taken  place  upon  the  key.  Let 
the  key  be  scratch -brushed,  and  the  anode  raised  out  of  the  bath  so 
that  only  a  very  small  portion  of  one  of  its  comers  remains  in  the 
solution ;  if  now  the  key  be  suspended  in  the  liquid  we  shall  soon 
observe  that  it  becomes  coated  with  copper  only.  If  the  anode  be  now 
cautiously  lowered  in  the  bath,  we  find  that  the  coating  gradually 
assumes  the  charaoteristio  colour  of  brass ;  and  if  we  take  care  to 
estimate  the  approximate  amount  of  anode  surface  which  yields  the 
yellow  alloy,  we  may  in  this  way  form  a  tolerable  notion  of  the  sur- 
face of  this  electrode  which  it  is  necessary  to  expose  to  a  g^ven  surface 
of  cathode  with  the  electric  power  employed.  Am  a  further  illustration 
of  the  caprice  which  attends  the  deposition  of  brass  from  its  solutions, 
we  have  known  instances  in  which  a  steel  rod  suspended  horizontally 
in  the  bath  has  exhibited  the  following  varieties  of  deposit :  at  one 
end  zinc  alone  was  deposited ;  at  the  opposite  end,  copper ;  and  midway 
between  the  two,  brass  of  various  tints,  from  pale  straw  or  lemon  colour 
to  a  rich  golden  yellow.  Motion  also  affects  the  character  of  the 
deposit,  copper  being  deposited  instead  of  brass  when  a  brisk  motion 
is  g^ven  to  the  article  while  in  the  bath. 

When  a  much-used  bath  has  a  tendency  to  deposit  copper  alone, 
from  the  cause  above  stated,  its  condition  may  be  improved  in  several 
ways — (i)  By  adding  liquid  ammonia  to  dissolve  the  deposited  oxide 
of  zinc ;  (2)  By  adding  a  strong  cyanide  solution  of  zinc  until  the 
required  yellow  deposit  is  obtained;  and  (3)  By  syphoning  off  the 
clear  solution,  and  adding  ammonia  to  the  deposit  at  the  bottom  of 
the  depositing  vat,  and  then  returning  the  clear  liquor,  when  after  a 
few  hours*  repose  the  bath  wiU  generally  work  well.  A  moderate 
addition  of  cyanide  may  also  be  necessary.  When  it  is  found  that  the 
bath  exhibits  general  signs  of  weakness  owing  to  the  anode  failing  to 
keep  up  its  metallic  strength,  an  addition  of  a  concentrated  solution 
of  the  metals,  copper  and  zinc,  must  be  made,  in  which  there  should 
bo  an  excess  of  the  metal  most  needed  to  bring  the  bath  up  to  its 
proper  condition.  In  working  brassing  solutions,  it  is  always  advisable 
to  keep  in  hand  a  quantity  of  very  concentrated  brass  solution,  so  that 
this  may  be  added  to  the  bath  from  time  to  time  as  required,  and  thus 
prevent  the  annoyance  which  attends  the  working  of  a  slugg^h 
and  defective  solution.  Another  way  of  strengthening  an  exhausted 
bath  is  the  following :  Take  a  large  porous  cell,  and  about  three  parta 
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All  it  with  a  strong  solution  of  cyanide  of  potassinm  ;  now  oonneot  a 
long  and  broad  strip  of  copper  to  the  negative  pole  of  the  battery ; 
immerse  the  porous  ceU  in  the  brassing  bath,  either  by  standing  it 
upright  or  by  suspending  it,  according  to  the  depth  of  tibe  vessel. 
Now  connect  a  large  brass  anode  to  the  positive  pole  of  the  battery, 
and  allow  the  current  to  pass  through  the  solution  for  a  few  hours,  bv 
which  time  it  will  have  taken  up  a  considerable  amount  of  brass  if 
the  current  was  sufBciently  strong.  Two  or  more  3-gallon  Bunsen 
colls  should  be  employed  for  a  lOO-gallon  bath  of  brass  solution.  If  a 
white  deposit  appears  upon  the  brass  anode,  liquid  ammonia  should 
be  added  and  well  stirred  into  the  solution. 

BroBsliis  BlatrtTft  Inrawtil  ^^ovk. — By  the  term  hnmsing  is  meant 
the  application  of  one  or  other  of  the  numerous  methods  of  itainin^ 
brass,  or  imparting  to  the  metal  an  antique  or  artistio  appearance. 
When  the  electro-deposited  metal  is  required  to  assume  the  appearance 
of  solid  brass,  the  process  of  lacquering  is  applied ;  but  for  cast  zinc 
or  iron  work  electro-brassed,  another  system  of  ornamentation  is 
adopted,  which  is  known  by  Uie  name  of  bronzing.  For  example,  if  a 
dilute  solution  of  chloride  of  platinum  be  brushed  over  a  brass  surface, 
a  black  tiain  is  produced,  the  depth  or  tone  of  which  may  be  heightened 
by  a  seoond  application  of  the  solution.  In  this  case  the  metal 
platinum  is  reduced  by  electro-chemical  action,  and  becomes  deposited 
upon  the  more  positive  metal.  The  stain,  however,  produces  an  effect 
of  contrast  which,  when  artistically  applied,  is  exceedingly  pleasing 
to  the  eye ;  and  by  this  means  ornamental  brass  and  also  electro- 
brass  work  is  greatly  enriched  by  art-metal  workers  and  others  to 
meet  the  requirements  of  the  public.  Since  it  is  important  that 
electro-depositors  of  brass  should  be  well  acquainted  with  the  methods 
of  producing  upon  their  work  the  varied  effects  which  are  applied  to 
the  solid  alloy,  we  will  now  explain  some  of  the  many  processes 
adopted. 

Black  Bronze, — ^This  is  produced,  as  before  observed,  by  means  of  a 
dilute  solution  of  chloride  of  platinum.  For  this  purpose,  the  platinum 
salt  may  be  dissalved  in  spirits  of  wine,  methylated  spirit,  or  distilled 
water,  and  a  few  drops  of  the  concentrated  solution  added  to  a  small 
quantity  of  water,  and  applied  with  a  camel-hair  brush  or  by  dipping. 
For  large  pieces  of  work,  a  sufficient  quantity  of  the  dilute  solution 
should  be  prepared  to  finish  tiie  piece  in  hand,  so  as  to  ensure  uni- 
formity of  tone  throughout  the  entire  piece.  When  bronzing  very 
larg^  articles,  as  stove  fronts,  fenders,  &c.,  it  is  sometimes  the  prac- 
ti  36  to  mix  a  little  of  the  dilute  platinum  solution  with  plumbago, 
made  into  a  thin  paste  with  water,  and  to  brush  this  over  the  entire 
ornamental  surface  of  the  article,  and  when  nearly  dry,  the  artide  is 
well  bnuhed  with   a  rather  soft,   l«ng-haired   bmJsh  until  quite 
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bright;  the  high  lights,  or  prominent  points  of  the  article,  are  then 
gently  nibbed  with  a  piece  of  chamois  leather  moistened  with  spirit 
of  wine  or  rubbed  on  a  lump  of  chalk,  the  object  being  to  remove  the 
black  stain  from  these  points,  so  as  to  show  the  yellow  metal  with 
which  the  work  is  coated.  Instead  of  employing  the  platinum  solution 
for  this  purpose,  a  small  quantity  of  sulphide  of  ammonium  may  be 
mixed  with  the  plumbago  paste ;  this  latter  is  most  frequently  adopted 
for  the  sake  of  economy.  The  platinum  salt,  however,  produces  the 
most  brilliant  and  lasting  effect. 

Warm  Bronte  Colour, — When  it  is  desired  to  give  a  warm  chocolate 
tone  to  an  electro-brassed  article,  a  mixture  of  jewellers'  roug^e  and 
black-lead,  in  varying  proportions  according  to  liie  tone  required,  is 
first  made  with  water ;  to  this  a  few  drops  of  chloride  of  platinum 
solution  or  sulphide  of  ammonium  are  added  and  intimately  mixed. 
This  bronzing  paste  is  spread  over  the  article  with  a  soft  brush,  and 
allowed  to  become  nearly  dry,  as  before,  when  the  surplus  powder  is 
brushed  away  by  polishing  with  a  long-haired  brush.  The  high 
lights  are  then  touched  up  as  before  to  expose  the  metal.  The  article 
should  now  be  made  moderately  warm,  and  then  brushed  over  quickly 
inih.  a  very  thin,  hard,  and  quick-drying  varnish ;  when  this  is  done 
the  work  is  complete.  A  bronzing  composition  for  imparting  a  warm 
chocolate  tone  to  electro-brassed  vrork  may  be  made  by  mixing  into  a 
paste  with  water  the  following  ing^redients :  black-lead,  i  ounce ; 
Sienna  powder,  2  ounces ;  rouge,  ^  ounce.  To  this  may  be  added  a 
few  drops  of  sulphide  of  ammonium.  Or  a  mixture  of  black-lead  and 
rouge  or  crocus  may  be  employed.  In  each  of  these  cases  the  formulte 
may  be  varied  at  the  will  of  the  operator ;  indeed,  the  tone  or  bronze 
effect  is  so  greaUy  a  matter  of  taste  that  the  proportions  of  the 
various  materials  may  properly  be  left  to  the  discretion  of  the  electro- 
bronzer. 

Green  Bronze. — ^Mix  into  a  paste  with  water  the  following  sub- 
stances, varying  the  proportions,  as  before  suggested,  according  to 
taste: — 

Chromato  of  lead  (chrome  yellow)  .  2  ounces 

Prawlan  bine 2      „ 

Plumbago i  pound 

Sienna  powder in 

Lac  carmine In 

When  applying  the  above  composition,  a  small  quantity  of  sulphide 
of  ammonium  or  chloride  of  platinum  solution  may  be  added.  It 
should  be  mentioned  that  the  particles  set  free  by  brushing  off  the 
superfluous  portions  of  the  above  mixture  would  be  unwholesome  to 
fareathei  on  account  of  the  chromato  of  lead  present  in  the  composition, 
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the  other  snbstances  axe  yiztually  ixmocuouB,  though  the  inhalation  of 
small  particles  of  mineral,  or  indeed  any  other  substance  whatever, 
should  be  avoided  as  much  as  possible.  In  polishing  work  which  has 
been  coated  with  bronzing  powders,  therefore;  it  would  be  well  if  the 
workpeople  could  be  induced  to  protect  the  nose  and  mouth  by  a  thin 
piece  of  muslin,  more  especially  in  the  earlier  stages  of  the  polishing 
operation,  when  the  great  bulk  of  the  superfluous  material  has  to  be 
brushed  away. 

Tvmeh,  Method  of  Bronzliis  Btoetro-taraaaod  EAnc  Work. — If  a 
warm  tone  is  desired,  the  electro -brassed  article  is  first  dipped  in  a 
weak  solution  of  sulphate  of  copper  and  then  dried.  It  is  next 
moistened  with  sulphide  of  ammonia  or  a  solution  of  liver  of  sulphur ; 
after  again  drying  the  surface  is  brushed  over  with  a  mixture  of 
hematite  or  jewellers'  rouge  and  black-lead,  the  mixture  being  made 
according  to  the  tone  required.  The  brush  should  be  slightly  moistened 
with  turpentine  to  assist  the  adhesion  of  the  powder.  The  parts  in 
relief  are  then  to  be  '*  set  off,"  that  is,  well  rubbed,  to  disclose  the 
metal,  and  give  it  the  appearance  of  having  been  subjected  to  wear. 
The  object  is  then  to  be  coated  with  a  thin  colourless  varnish. 

Oreon  or  Antlqiio  Bronio. — Dissolve  in  loo  parts  of  acetic  acid  of 
moderate  strength,  or  in  200  parts  of  good  vinegar,  30  parts  of  car- 
bonate of  ammonia  or  sal-ammoniac,  and  10  parts  each  of  common  salt, 
cream  of  tartar,  and  acetate  of  copper,  and  add  a  little  water  ;  mix 
well,  and  smear  the  object  with  it,  and  then  allow  it  to  dry,  at  the 
ordinary  temperature,  hx)m  twenty-four  to  forty -eight  hours.  At  the 
end  of  that  time  the  article  wiU  be  found  to  be  entirely  covered  with' 
verdigris,  which  presents  various  tints.  It  is  then  to  be  brushed,  but 
more  especially  the  prominent  parts,  with  a  waxed  brush,  that  is,  a 
brush  passed  over  a  lump  of  yellow  beeswax.  The  relief  parts  may 
then  be  *'set  off"  with  hematite,  chrome  yellow,  or  other  suitable 
colours.  Light  touches  with  ammonia  impart  a  blue  shade  to  the 
g^en  parts,  and  carbonate  of  ammonia  deepens  the  colour  of  the  parts 
to  which  it  is  applied. 

Sieel  Bronze. — This  is  obtained  by  moistening  the  articles  with  a 
dilute  solution  of  chloride  of  platinum,  and  slightly  heating  them. 
Since  this  bronze  is  liable  to  scale  off  with  friction,  it  should  not  be 
applied  in  successive  doses,  but  the  solution  used  should  be  of  such  a 
strength  that  the  desired  effect  may  be  obtained,  if  possible,  by  a 
single  application.  Copper  bronze,  that  is,  electro-brass  with  an 
excess  of  copper,  may  be  darkened  by  dipping  it  into  a  weak  and 
warm  solution  of  chloride  of  antimony  (butter  of  antimony)  in  hydro- 
chloric acid.  Sometimes,  however,  the  coloration  will  be  violet 
instead  of  black. 

Bronxe  Fowd«rs,  as  the  Bessemer  bronzes,  for  instance,  arc  largely 
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uaed  for  imparting  a  metallic  appearance  to  plaster  casts  and  ceramic 
wares,  and  also  for  ornamenting  cast-iron  work,  to  give  it  the  ap- 
pearance of  bronze.  The  mode  of  application  is  as  follows  :  The  article, 
after  being  cleaned,  is  coated  with  a  fatty  drying  yamish,  which  is 
allowed  to  become  nearly  dry.  The  bronze  powder  is  then  applied 
with  a  badg^-hair  brush,  when  it  firmly  adheres  to  the  sticky  varnish. 
After  drying,  the  article  is  coated  with  a  hard,  colourless  yamish, 
which  fills  up  the  details.  This  process  is  chiefly  applied  to  metals  for 
such  work  as  cheap  iron  fenders,  cast-iron  dogs  for  fireplaces,  umbrella- 
stands,  and  other  coarse  work,  and  is  in  no  degree  suitable  for  articles 
which  have  been  electro-brassed,  in  which  a  more  artistic  finish  is 
required. 

JHppkag  Btoetro-lmuHed  IVork. — When  steel  or  iron  articles  have 
receiyed  a  good  coating  of  brass,  but  of  an  indifferent  colour,  they 
may  be  greatly  improved  in  colour  by  being  dipped  in  the  ordinary 
dipping  liquids  used  for  brass.  The  dippings,  however,  must  be  done 
with  great  promptitude,  otherwise  the  coating  will  either  be  dissolved 
off,  or  at  least  much  reduced  in  thickness.  If  the  operation  is  conducted 
with  smartness,  and  the  articles  at  once  plunged  into  cold  water,  the 
desired  result  may  be  obtained  without  risk — provided,  of  course,  that 
a  tolerably  stout  coating  has  been  deposited  upon  tibe  work.  This 
method  of  improving  the  colour  of  the  deposit  we  have  successfully 
adopted,  and,  indeed,  frequently  made  it  a  practice  to  give  to  the  work 
an  extra  strong  coating  to  allow  for  the  reduction  of  its  thickness  in 
the  acid  dip.  By  this  means  we  were  enabled  to  produce  results  in 
electro-brassiDg  which  were  acknowledged  to  be  fuUy  equal  in  colour 
to  the  finest  specimens  of  solid  brass,  and  not  unfrequently  superior. 

^aoqxMring  Blaetro-brasMd  IRTork. — ^After  being  worked  for  some 
time,  a  brassing  bath  is  liable  to  g^ve  deposits  which  are  either  too 
red,  or  coppery ,  or  they  may  assume  a  sickly  pale  colour,  which,  after 
scratch -brushing,  is  of  too  light  a  colour  to  fairly  represent  brass. 
Articles  in  this  condition,  although  they  may  be  greatly  improved  by 
a  coating  of  good  yellow  lacquer,  still  fail  to  resemble  ordinary  brass. 
When  zinc  or  steel  articles  are  required  to  be  lacquered  after  electro - 
brassing,  it  is  a  good  plan  to  be  provided  with  an  extra  brassing  solu- 
tion, capable  of  yielding  a  really  good  colour,  in  which  the  articles, 
after  being  coated  in  the  ordinary  bath  and  scratch-brushed,  may  be 
immersed,  to  give  them  a  final  coating  of  good  yellow  brass.  Generally 
speaking,  an  immersion  in  the  second  bath  of  only  a  few  minutes  is 
sufficient  to  produce  the  desired  effect,  and  the  solution  we  should 
recommend  for  this  purpose  is  one  prepared  from  the  sulphates  of 
copper  and  zinc,  precipitated  by  carbonate  of  potash,  and  redissolved 
with  cyanide  and  liquid  ammonia.  A  solution  carefully  prepared 
from  these  ingredients  is  capable  of  yielding  a  brass  deposit  of  a  very 


39^  BLBCTRO-DEPOSITION   OF   ALLOTS. 

fine  colour.  The  solutioii  should  be  Dsed  only  for  giving  a  final  coat- 
ing to  eleotro-birassed  work  which  ib  of  a  bad  colour,  and  when  it 
ceases  to  yield  a  good  coloured  deposit,  it  may  be  added  to  the  ordinary 
brassing  bath  and  another  solution  prepared  in  its  place.  If  the  plan 
we  have  suggested  be  adopted,  the  work  may  then  be  lacquered  in  the 
same  way  as  ordinary  brass,  after  being  thoroughly  rinsed  and  dried. 
It  may  be  mentioned  that  acid  dipping,  to  improve  the  colour  of  the 
brass  deposit,  cannot  so  safely  be  applied  to  zinc  work  which  has  been 
electro-brassed. 

Bleetre-d^podtion  of  Wifwua. — ^The  electro-deposition  of  the 
alloy  of  copper  and  tin  known  as  bronze  is  less  frequently  practised 
than  that  of  the  more  common  alloy,  brass  ;  indeed,  the  latter  with  an 
excess  of  copper  in  the  solution  generally  answers  the  purpose  equally 
well  for  most  of  the  uses  to  which  the  deposited  bronze  alloy  would 
be  applicable  as  an  imitation  of  real  bronze.  In  making  up  a  bronz- 
ing solution,  it  is  only  necessary  to  substitute  a  salt  of  tin  (chloride  of 
tin  by  preference)  for  the  zinc  salt  in  the  preceding  formulfe,  but  in 
rather  less  proportion  than  the  latter,  say  about  one-third  less.  The 
simpler  method,  however,  is  to  make  up  a  brassing  bath  with  a  slight 
excess  of  copper,  and  to  depend  upon  the  artificial  methods  of  bronzing 
previously  gfiven,  or  such  modifications  of  them  as  may  suggest  them- 
selves, for  producing  imitations  of  solid  bronze.  A  very  little  practice 
in  this  direction  will  enable  the  operator  to  meet  almost  eveiy  require- 
ment as  to  tone  or  colour.  In  this,  as  in  the  case  of  electro -brassed 
work,  the  most  prominent  parts  of  the  work  should  be  rendered 
bright,  so  as  to  expose  the  deposited  metal  at  such  points  by  gently 
rubbing  away  the  materials  used  in  producing  the  artificial  bronze 
colour.  By  so  doing  a  very  pleasing  artistic  effect  may  be  produced, 
provided  the  removal  of  the  bronzing  material  is  not  carried  too  far, 
but  merely  confined  to  such  points  as  may  bo  assumed  to  have  been 
subjected  to  friction  in  use. 

Blaetro-dfpocltion  of  Oonnan  flilTwr. — ^We  have  succeeded  in 
depositing  an  alloy  of  copper,  nickel,  and  zinc,  forming  Q«rman 
silver  of  good  quality,  by  making  a  solution  of  the  alloy  in  the  direct 
way,  as  recommended  for  preparing  brassing  solutions,  thus :  Out  up 
into  small  pieces  sheet  Grorman  nlver,  about  one  ounce ;  place  the 
strips  in  a  glass  flask,  and  add  nitric  acid,  diluted  with  an  equal  bulk 
of  water.  Assist  the  solution  of  the  metal  by  gentle  heat ;  when  the 
red  fumef*  cease  to  appear  in  the  bulb  of  the  fiask,  decant  the  liquor, 
and  apply  fresh  acid,  diluted  as  before,  to  the  undissolved  metal,  taking 
care  to  avoid  excess ;  it  is  best  to  leave  a  small  quantity  of  undissolved 
metal  in  the  flask,  by  which  an  excess  of  acid  is  readily  avoided.  The 
several  portions  of  the  metallic  solutions  arc  to  be  mixed,  and  diluted 
with  about  three  pints  of  oold  water  in  a  ^^allon  vessel.    Next  dis- 
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solve  about  four  ounces  of  oarbonate  of  potash  in  a  pint  of  water,  and 
add  this  g^radually  to  the  former,  with  gentle  stirring,  until  no  further 
precipitation  takes  place.  The  precipitate  must  be  washed  several 
times  with  hot  water,  and  then  redissolved  by  adding  a  strong  solution 
of  cyanide  with  stirring,  and  about  one  oimce  of  liquid  ammonia.  To 
avoid  adding  too  great  an  excess  of  cyanide,  it  is  a  good  plan,  when 
the  precipitate  is  nearly  all  dissolved,  to  let  it  rest  for  half  an  hour  or 
so,  then  decant  the  clear  liquor,  and  dissolve  the  remainder  of  the 
precipitate  separately.  A  small  excess  of  cyanide  solution  may  then 
be  added,  as  "  free  cyanide,"  and  the  whole  mixed  together  and  made 
up  to  onegaUon  with  cold  water.  The  solution  should  then  be  filtered, 
or  allowed  to  repose  for  about  twelve  hours  and  the  dear  liquor  then 
carefully  decanted  from  any  sediment  which  may  be  present  from 
cyanide  impurities.  The  bath  must  be  worked  with  a  Grerman  silver 
anode,  which  should  be  of  the  same  quality  as  that  from  which  the 
solution  is  prepared ;  a  Bunsen  battery  should  be  employed  as  the 
source  of  electricity,  or  a  dynamo -machine. 

aiORls  and  Jolmoon's  Proe^aa. — ^By  this  process  a  German  silver 
bath  is  prepared  by  the  battery  method.  One  pound  each  of  cyanide 
of  potassium  and  carbonate  of  ammonia  are  dissolved  in  a  gaUon  of 
water,  and  the  solution  heated  to  150°  Fahr.  A  large  German  silver 
anode,  connected  with  the  positive  electrode  of  a  powerful  battery,  is 
immersed  in  the  solution ;  a  small  cathode  of  any  suitable  metal  is 
connected  to  the  negative  pole  of  the  battery  and  also  immersed  in  the 
solution.  The  electrolytic  action  is  to  be  kept  up  until  a  considerable 
amount  of  metal  is  dissolved,  and  a  bright  cathode  receives  a  deposit 
of  g^ood  colour,  when  the  solution  is  ready  for  use.  If  the  deposit  is 
too  red,  carbonate  of  ammonia  is  to  be  added  ;  if  too  white,  cyanide 
of  potassium. 

The  electro-deposition  of  German  silver  may  with  advantage  be 
substituted  for  nickel-plating  for  many  articles  of  ornament  and  use- 
fulness ;  a  coating  of  this  alloy  looks  exceedingly  well  upon  bright 
steel  surfaces,  and  is,  to  our  mind,  specially  suitable  for  revolvers, 
dental  instruments,  and  scabbards,  having,  when  deposited  of  a  g^ood 
colour,  a  more  pleasing  tone  than  that  of  nickel. 

Dapoflitlon  of  an  Alloy  of  Tin  and  SUvor. — Messrs.  Round  and 
S-^n  obtained  a  patent  in  1879  for  a  process  for  depositing  an  alloy  of 
tin  and  silver,  which  is  said  to  be  applicable  to  coating  brass,  German 
silver,  and  copper,  and,  if  slightly  covered  with  a  film  of  copper,  iron 
and  steel  also.  The  inventors  state  that  from  their  solution  a  white 
reguline  metal  is  obtained  which  is  easily  polished,  and  gfreatly  re- 
sembles fine  silver.  The  solution  is  prepared  as  follows  :  Dissolve 
80  ounces  of  commercilil  cyanide  of  potassium  in  26  gallons  of  water 
in  a  suitable  vessel ;  then  poor  in  100  ounces  by  measure  of  strong 
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liquid  ammoniai  of  the  speoific  giavity  of  0*880,  stirring  well  together ; 
next  add  10  ounces  of  nitrate  of  silver  ;  any  soluble  tin  soli  may  then 
be  added  at  discretion ;  now  add  3  pounds  of  carbonate  of  potassa, 
and  allow  the  compound  solution  to  rest  until  all  sediment  has  sub- 
sided, then  carefully  decant  the  clear  liquor,  and  the  bath  is  ready  for 
use.  It  is  worked  with  a  large  anode  of  tin  and  a  tonaller  one  of 
silver.  The  articles  to  be  plated  by  this  process  are  cleaned  in  caustic 
ley,  and  all  oxide  carefully  removed ;  they  are  then  immersed  in  the 
bath,  in  connection  with  the  negative  pole  of  a  strong  voltaic  battery, 
the  two  anodes  being  connected  to  the  positive  as  usual.  The  articles 
are  allowed  to  remain  in  the  bath  until  the  required  thickness  of  deposit 
is  obtained,  when  they  are  removed,  rinsed,  and  dried,  and  may  then 
be  polishdd  or  burnished  to  a  high  deg^ree,  closely  resembling  un- 
alloyed silver,  but  produced  at  far  less  cost. 

Deposition  of  Alloys  off  Oold,  Silver,  Sbc — These  are  noticed  in 
Chapter  XV.  on  Electro-gilding.  We  may,  however,  state  that  by 
mixing  gold  and  silver  cyanide  solutions  in  varying  proportions,  gild- 
ing of  various  shades  of  colour  may  be  obtained.  The  same  residts 
may  be  effected  by  blending  cyanide  solutions  of  gold  and  copper. 
The  colour  of  the  deposit  is  greatly  influenced  by  the  strength  of  the 
current  employed,  the  amount  of  anode  surface,  and  the  temperature 
of  the  bath.  With  these  hints  to  guide  him,  the  exx)erimentalist  may 
obtain  very  interesting  results  by  modifying  the  condition  of  the  bath, 
strength  of  current,  &c.,  at  will. 

Dopooltlon  of  Cbromlnm  Alloys. — Blatsr's  Proosss. — ^This  pro- 
cess, for  which  a  patent  was  obtained  in  March,  1884,  may  be  thus 
briefly  described :  Anodes  of  chromium  alloy  are  prepared  by  heating 
chromium  compounds  with  charcoal  in  a  closed  crucible,  and  pouring 
upon  the  reduced  mass  2^  parts  of  fused  copper,  and,  subsequently, 
from  I  to  i^  parts  of  molten  tin,  and  then  granulating,  re-fusing,  and 
casting  in  moulds  of  the  desired  form.  The  plates  thus  formed  are 
used  as  anodes  in  a  solution  made  by  dissolving  i  pound  of  cyanide  of 
potassium  and  one  pound  of  carbonate  of  ammonia  in  a  gallon  of 
water,  heated  to  150^  Fahr.,  until  a  good  deposit  of  alloy  is  formed 
upon  the  cathode ;  the  bath  is  then  ready  for  use.  To  finish  the 
articles  coated  in  this  solution,  they  are  *^  coloured  ''  in  a  bath  com- 
posed of  chloride  of  tin  6  to  8  parts ;  chloride  of  copper,  20  to  25 
parts ;  bichromate  of  ammonia,  10  to  15  part8  ;  chloride  of  platinum, 
6  to  12  parts,  and  water  10 1  to  no  parts.  A  very  moderate  current 
only  is  required. 

]>«positlon  of  KagxMSliiiii  and  Its  Alloys.— Gerhard  and  Smith 
obtained  a  patent  in  December,  1884,  for  the  following  process: 
AnimoDio -sulphate  of  magnesia  is  prepared  by  dissolving  and  crystal- 
lising together  228  parts  of  sulphate  of  magnesia  (Epsom  salt),  and 
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132  parts  of  sulphate  of  ammonia.  The  crystals  are  dissolved  in 
35, OCX)  ports  of  water,  and  the  solution  thus  formed  is  best  used  at  a 
temperature  of  150°  to  212*  Fahr.  For  white  metal,  a  nickel  anode 
is  used ;  for  magnesium  bronze,  a  copper  anode  must  be  employed. 
In  the  latter  case,  the  bath  is  formed  of  ammonio -sulphate  of 
magnesia,  360  parts  ;  cyanide  of  potassium,  550  parts,  and  carbonate 
of  ammonia,  550  parts,  dissolved  in  35,000  parts  of  water. 

Alloy  of  natiniiiii  and  811f«r. — Mr.  Milton  H.  Campbell,  of 
America,  has  taken  out  a  patent  for  depositing  this  alloy,  which  is 
said  to  resist  the  action  of  nitric  acid  and  sulphides.  A  bath  is  made 
by  dissolving  30  parts  of  platinum  and  70  parts  of  silver  in  aqua 
fegia,  and  the  metals  are  precipitated  as  a  grey  powder  by  means  of 
chloride  of  ammonium.  The  compound  chloride  thus  obtained  is 
dissolved  in  a  solution  of  cyanide  of  potassium,  which  constitutes  the 
elecU'olytic  bath.  The  anode  is  an  alloy  of  3  parts  of  platinum  and 
70  parts  of  silver,  a  feeble  current  being  employed  for  the  deposition 
of  the  alloy. 

H«w  ¥nilte  Alloys. — Many  attempts  have  been  made  by  refiners 
and  metal  workers  to  produce  a  metallic  alloy  to  resemble  silver  in 
whiteness  and  texture,  and  sufficiently  low  in  price  for  general  manu- 
facturing purposes ;  but  although  many  excdlent  results  have  been 
obtained,  l^ere  is  no  doubt  whatever  that  the  new  alloy  introduced  by 
Messrs.  Henry  Wigg^  and  Co.,  under  the  title  of  "  Silvoroid,**  is  the 
nearest  approach  to  silver  yet  produced.  This  pretty  alloy  is  not  only 
beautifully  white  and  of  close  and  fine  grain,  but  has  a  dlvery  lustre 
which  renders  its  commercial  name  exceedingly  appropriate.  The  new 
alloy,  moreover,  files  and  turns  well,  and  is  susceptible  of  a  high 
polish.  Being  readily  fusible,  it  is  admirably  adapted  for  ornamental 
castings,  and  produces  very  fine  work.  It  is,  we  understand,  being 
adopted  for  carriage,  railway,  and  steamship  fittings,  machinery - 
bearings,  taps,  &c.,  and  is  intended  as  a  substitute  for  brass,  bronze, 
and  gfun-metal  in  all  cases  where  a  brilliantly  white  metal  would  be 
preferred  as  a  substitute  for  the  commoner  alloys.  A  specimen  of 
rolled  **  sUveroid  "  sent  to  us  by  the  above  firm  many  months  ago  has 
undergone  no  change  in  appearance,  being  as  white  and  silvery  as 
when  first  received.  Silveroid  is  an  alloy  of  copper  and  nickel,  to 
which  zinc,  tin,  or  lead  in  varying  proportions  are  added,  according 
to  the  purpose  for  which  it  is  to  be  used.  Another  alloy  has  been 
introduced  by  Messrs.  "Wiggin  &  Co.,  under  the  title  of  "cobalt 
bronze,'*  which  is  more  stocl-likc  in  colour  than  the  former,  and  is 
also  much  harder.  This  alloy,  which  takes  a  bright  polish,  is  suitable 
for  all  kinds  of  work  in  which  a  hard,  white,  non-tamishable  metal  is 
required,  and  would,  we  should  say,  be  invaluable  for  steamship  and 
railway  carriage  fittings,  and  work  of  that  class.     The  cost  of  this 
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alloy  is  rather  higher  than  *'  fdlveroid/'  owing  to  the  metal  cobalt 
being  one  of  its  necessarj  oonstitaents.  Sinoe  it  does  not  much  exceed 
the  price  of  ordinary  Gknnan  silver,  however,  while  being  much  whiter, 
we  have  no  doubt  €bai  it  will  be  accepted  as  a  valuable  substitute  for 
the  former  for  unplated  spoon  and  fork  work.  A  long  exposure  of  a 
sample  of  this  alloy  to  the  atmosphere,  and  also  to  the  mingled  fumes 
of  our  laboratory,  by  which  it  was  imaffeoted,  establish  the  fact  that 
«  cobalt  bronze  "  wUl  resist  all  ordinary  atmospheric  influences. 

Wtottm  OB  Bleetvo-hnuMliiff. — ^When  the  brass  anodes  become  foul, 
owing  to  undissolved  sub-salts  of  zinc  or  copper,  or  both,  forming  on 
the  surface,  it  indicates  that  the  bath  requires  an  addition  of  cyanide 
and  liquid  ammonia.  After  making  these  additions,  it  is  well  to 
remove  the  anodes,  rinse  them,  and  scour  them  perfeotiy  dean. 

Colour  of  Bronzes, — ^The  tone  or  colour  of  the  bronzing  paste  applied 
to  electro-brassed  cast-iron  work  (as  fenders,  for  example)  should  be 
regulated  according  to  the  colour  of  the  deposit.  For  instance,  for  a 
yellow  brass,  the  black  or  green  tones  will  be  most  appropriate,  while 
for  deposits  of  a  more  coppery  hue,  the  warmer  bronzes  should  be 
used,  as  those  containing  roug^e,  crocus,  &c. 

Bronze  Tone. — To  deposit  metal  approaching  the  tint  of  real  bronze, 
a  slight  excess  of  copper  should  be  added  to  the  ordinary  brass 
solution. 

Oreen  Bronze  Colour. — ^To  impart  an  artificial  g^reen  bronze  appear- 
ance to  electro-brass,  the  article  may  be  placed  in  a  closed  wooden 
box,  having  a  saucer  containing  a  littie  chloride  of  lime  (bleaching 
powder)  placed  at  the  bottom.  A  small  quantity  of  hydrochloric  acid 
is  then  to  be  poured  on  the  powder,  the  lid  of  the  box  immediately 
closed,  and  the  article  allowed  to  be  subjected  to  the  chlorine  fumes 
which  are  given  off,  for  a  short  time,  after  which  the  article  is  to  be 
exposed  to  the  air.  The  process  may  be  repeated  until  the  desired 
effect  is  produced.  The  article  should  be  well  coated  with  brass  or 
bronze  before  being  submitted  to  the  action  of  the  chlorine,  otherwise 
this  gfas  will  attack  the  underlying  metal. 

Fender  and  Stove  Work^  which  are  generally  required  to  be  electro- 
brassed  at  a  very  low  price,  should  first  be  pickled  in  dilute  sulphuric 
acid  for  a  short  time,  then  rinsed  and  briskly  scoured  with  coarse  sand 
and  water,  again  rinsed,  and  placed  in  the  bath.  A  very  strong 
current  should  be  employed,  so  that  the  article  may  receive  a  sufficient 
coating  in  a  few  minutes.  After  rinsing  and  drying  quickly  the  bronze 
paste  is  applied,  and  this  is  to  be  dried  on  the  article  as  quickly  as 
possible ;  when  nearly  dry  the  article  is  polished,  its  prominent 
parts  then  rubbed  up  with  a  piece  of  chamois  leather  and  dry  whiting, 
and  a  thin  coating  of  hard  spirit  varnish  laid  on  while  the  article  is 
warm ;  the  object  is  now  finished. 
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EvoUUion  of  Hydrogen  during  Deposition. — ^A  great  deal  has  been 
written  and  said  concerning  the  yigorous  evolution  of  hydrogen  which 
oommonlj  oocurs  with  electro-brassing  baths  when  under  the  influence 
of  the  current;  and,  while  we  readily  agree  with  much  that  has  been 
said  upon  this  subject,  we  must  frankly  confess  that  we  have  generally 
obtained  the  best  results  when  the  escape  of  hydrogen  has  been  most 
brisk.  We  should  certainly  not  consider  a  brassing  bath,  in  which 
deposition  takes  place  directly  the  articles  are  immersed  in  it  (the 
deposit  being  of  a  good  colour),  a  defective  solution,  though  evolving 
hydrogen,  since  some  of  our  best  results  have  been  obtained  under 
sooh  conditions.  In  depositing  very  stout  coatings  of  this  alloy,  how- 
ever, it  is  certainly  desirable  that  the  evolution  of  hydrogen  should, 
as  far  as  possible,  be  prevented,  a  result  which  may  most  readily  be 
obtained  with  solutions  containing  a  considerable  quantity  of  the 
metallic  constituents.  Such  baths,  however,  require  a  frequent  addi- 
tion of  concentrated  solution  to  keep  up  their  metallic  strength,  which 
the  brass  anodes,  under  the  most  favourable  conditions,  fail  to  ao. 

Keeping  up  the  Strength  of  the  Bath. — ^To  keep  up  the  strong^  of 
brassing  baths,  the  plan  suggested  by  the  author  in  respect  of  electro- 
tinning  and  platinising  solutions  may  be  adopted  (see  page  343). 
By  this  method  a  highly  concentrated  solution  of  brass,  delivered 
from  a  tank  above,  may  be  allowed  to  trickle  into  the  bath  while 
deposition  is  going  on,  and  thus  its  metallic  strength  fairly  well  kept 
up.  Such  an  azrang^ement  can  be  effected  with  very  little  trouble, 
a  small  barrel,  furnished  with  a  tap  with  a  long  piece  of  rubber  tubing, 
being  all  that  is  necessary. 

Sohitionfor  Cast-iron  JFork,  %e. — The  brassing  bath  for  this  class  of 
work  should  be  rich  in  metal,  otherwise,  even  with  a  strong  current, 
the  deposit  will  take  place  chiefly,  or  only,  at  the  comers  or  prominent 
portions  of  the  articles.  It  is  better  to  employ  a  solution  containing 
a  good  percentage  of  metal  and  small  quantity  of  free  cyanide,  than  a 
great  excess  of  the  latter  and  a  small  proportion  of  copper  and  zinc. 
The  ouirent  for  depositing  brass  upon  cast  iron,  especially  in  cold 
solutions,  must  be  strong,  and  a  large  anode  surface  exposed  in  the 
bath.  The  same  observations  apply,  to  a  certain  extent,  to  lead, 
which  requires  a  bath  rich  in  copper  and  zinc  to  obtain  suocessfiil 
results,  especially  when  battery  power  is  employed. 

Brassing  JOifferent  Metals. — It  must  be  borne  in  mind,  as  we  have 
hinted,  that  idl  metals  do  not  receive  the  brass  deposit  with  equal 
facility  ;  indeed,  if  two  articles — one  composed  of  zinc  and  the  other 
of  cast  iron — ^were  placed  in  the  bath  simultaneously  the  former  would 
at  once  become  coated  with  brass,  while  the  cast-iron  article  would 
either  remain  unooated  with  the  alloy,  or  at  most  a  slight  deposit 
would  be  visible  at  the  points  nearest  the  anode,  or  at  the  lower  parts 
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of  ihe  article,  according  to  its  form.  This  being  the  case,  the  cast- 
iron  article  should  first  be  put  into  the  bath,  and  when  this  has 
become  perfectly  coated  all  over  the  zinc  articles  may  then  be  suspended 
in  the  solution.  It  is  better,  however,  to  deposit  these  metals  sepa- 
rately. Even  wrought  and  cast  iron  will  not  receive  the  brass  deposit 
with  equal  readiness ;  the  latter,  therefore,  should  be  put  into  the 
bath  first,  and  the  former  only-  when  the  cast-iron  piece  is  well. coated 
all  over. 

Brau%ng  in  Rot  Solutions. — When  an  article  is  first  put  into  the 
bath  (being  connected  to  the  negative  electrode)  it  shoidd  be  gently 
moved  about  for  a  few  moments,  to  cause  the  deposit  to  take  plaoe 
as  uniformly  as  possible  all  over  the  surface  of  the  article,  and  when 
the  characteristic  yellow  tint  of  the  alloy  appears  uniformly  all  over 
the  object,  it  may  be  allowed  to  rest  in  the  bath  for  a  short  time, 
when  the  slingfing  wires  should  be  shifted  to  allow  the  parts  they  have 
covered  to  become  coated  with  the  alloy.  After  a  while  the  article 
should  be  inverted  in  the  bath  to  equalise  the  deposit  as  far  as  possible. 
With  these  exceptions,  it  is  not  judicious  to  disturb  work  in  brassing 
solutions  while  in  circuit,  as  the  colour  of  the  deposit  is  often  affected, 
even  by  slight  motion. 


CHAPTER  XXV  I. 
RECOVERY  OP  GOLD  AND  STLVER  FROM  WASTE,  ETC. 

Recoyeiy  of  Gold  from  Old  Cyanide  Solutioiu.— Recovery  of  Silver  from  Old 
Cyanide  Solutions. — Recovery  of  Gold  and  Silver  from  Scratch-brash 
Waste.— Recovery  of  Gold  and  Silver  from  Old  Stripping  Solntions.— 
Stripping  Metals  from  each  other.— Stripping  Solations  for  Silver.— 
Stripping  Silver  from  Iron,  Steel,  Zinc,  etc.— Stripping  Silver  by  Battery. 
—Stripping  OoM  from  Silver  Work.— Stripping  Nickel-plated  Articles.— 
Stopping-ofl.— Soldering. — ^Removing  Soft  Sold«r  from  Gold  and  Silver 
Work. 


or  Oold  from  Old  Osranido  Solnttons. —  Since  the 
precipitation  of  gold  (and  silver)  from  cyanide  solutions,  which  is 
effected  by  means  of  mineral  acids,  involves  the  liberation  of  hydro- 
cyanic acid  (prussic  acid)  the  operations  must  always  be  conducted 
with  the  utmost  caution,  and  should  always  be  carried  on  in  the  open 
air.  It  is  well  to  remark  here  that  when  acid  is  added  to  a  cyanide 
solution,  not  only  hydrocyanic  acid  but  also  carbonic  acid  is  liberated ; 
and  since  this  heavy  g^as  cannot  escape  through  the  flue  of  an 
ordinary  chimney,  owing  to  its  gravity,  but  flows  over  the  vessel  in 
a  dense  white  vapour,  the  operator  should  be  careful  not  to  disturb 
these  fumes,  so  as  to  cause  them  to  rise  upward,  but  to  allow  them  to 
flow  over  the  sides  of  the  vessel  and  escape  into  the  open  air,  where 
they  will  be  dispersed  by  the  wind.  The  reduction  of  the  gold  by  the 
dry  way  is,  however,  less  hazardous,  not  so  offensive,  and  fully  as 
economical. 

To  precipitate  gold  from  cyanide  solutions,  hydrochloric  acid  is  to 
be  gradually  added,  until  no  further  precipitation  takes  place ;  the 
solution  should  then  be  boiled  and  the  vessel  set  aside  to  cool.  The 
precipitate  (cyanide  of  gold),  which  is  of  a  yellowish  colour,  must  then 
be  separated  from  the  supernatant  liquor  by  deoantation,  and  then 
filtered.  Since  a  small  portion  of  gold,  however,  still  remaina  in 
the  liquor,  it  must  not  be  thrown  away,  but  should  be  heated,  and 
zinc  filings  added,  which  will  throw  down  the  remainder  of  the  gold  ; 
the  clear  liquor  is  now  to  be  poured  off,  and  the  residue  boiled  with 
dilute  hydrochloric  acid,  to  remove  excess  of  zinc,  and  after  washing, 
the  deposit  is  to  be  added  to  the  other  portions.  Ignite  and  fnae  the 
mixture  in  a  platinum  or  ordinary  oruoible,  with  an  equal  weight  of 
sulphate  of  potaraium.    Dissolve  the  saline  residue  in  boiling  sul- 
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pharic  aoid,  then  wash  it  with  water,  when  perfectly  pure  gold  will 
remain. — {M.  Huier.)* 

Bottger  reoommendB  the  following  method  for  reooyering  gold  from 
old  solntionB: — ^The  aolntion  should  be  evaporated  to  dryness,  the 
residQe  then  finely  powdered,  and  intimately  mixed  with  an  equal 
weight  of  litharge  (oxide  of  lead)  and  fused  at  a  strong  heat ;  the  lead 
IS  extracted  from  the  resolting  button  of  gold  and  lead  alloy  by 
warm  nitric  add,  when  the  gold  will  remain  as  a  loose  brown  spongy 
mass.  The  same  author  says,  *'  If  we  pour  hydrochloric  acid  into  a 
pure  solution  of  g^ld  in  cyanide  of  potassium,  there  is  slowly  formed 
at  ordinary  temperatures,  and  immediately  on  the  application  of  heat, 
a  yellow  precipitate,  which  is  cyanide  of  gold ;  the  filtered  liquid 
which  has  giyen  this  precipitate  stiU  contains  a  little  gold  in  solution. 
On  eyaporating  the  liquid  to  dryness,  fusing,  dlssolying,  and  filtering 
afresh,  there  remains  upon  the  filter  the  remainder  of  the  gold. 
Crystallised  double  cyanide  of  gold  and  potassium  fuses  and  effer- 
yesces  by  heat,  and  is  resolved  into  cyanog^  gas,  ammonia,  and 
cyanide  of  potassium,  if  air  be  present ;  its  complete  decomposition 
requires  a  strong  heat.  When  it  is  strongly  ignited,  mixed  with  an 
equal  weight  of  carbonate  of  potash,  a  button  of  metallic  gold  is 
obtained." 

Cyanide  gilding  solutions,  when  mixed  with  sulphuric,  nitric,  or 
hydrochloric  acid,  slowly  deposit  cyanide  of  gold ;  and  when  boiled 
with  hydrochloric  acid,  it  is  completely  resolved  into  cyanide  of  gold 
and  chloride  of  potassium.  The  same  result  is  obtained  with  nitzic  and 
sulphuric  acid,  and  even  with  oxalic,  tartaric,  and  acetic  acids.  When 
heated  with  sulphuric  acid,  it  g^ves  off  hydrocyanic  acid  gas,  and 
after  ignition,  leaves  a  mixture  of  gold  and  sulphate  of  potassium. 
Iodine  sets  free  cyanogen  gas,  forms  iodide  of  potassium,  and  throws 
down  the  cyanide  of  gold. — {Bottler.) 

Gold  may  be  precipitated  from  washing  waters  containing  traces  of 
the  precious  metal  by  adding  a  solution  of  protosulphate  of  iron,  when 
a  brown  deposit  of  pure  gold  is  obtained ;  the  subsidence  of  the  metal 
may  be  hastened  by  heating  the  liquid. 

Ttmeovmry  of  Silver  ftom  Old  Oyanlda  Solntioiifl. — ^Eisner  made  a 
series  of  important  researches  upon  the  extraction  of  gold  and  silver 
from  cyanide  solutions,  the  results  of  which  he  communicated  in  a 
valuable  paper,  from  which  the  following  extracts  are  taken.  He  pre- 
faced his  description  of  the  practical  methods  recommended,  by  moi- 
tioning  the  results  of  some  of  his  experiments  upon  which  they  were 
based. 

I .  '*  If  we  add  hydrochloric  acid  to  a  solution  of  sQver  in  cyanide  of 

*  Ckemical  Neun,  vol.  viii.  p.  31. 
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potaflsium  until  the  liqnid  exhibits  an  aoid  reaction,  we  obtain  a  white 
precipitate  of  chloride  of  silver,  which,  when  submitted  to  heat,  melts 
into  a  yellow  mass.  If  this  was  cyanide  of  silver,  the  application  of  a 
red  heat  would  have  left  a  r^fulus  of  silver.  The' addition  of  the 
hydrochloric  acid  precipitates  all  the  silver  present  in  the  liquid  in  the 
form  of  chloride  of  silver. 

"If  we  evaporate  a  solution  of  silver  in  cyanidQ  of  potassium  to 
drjmess,  and  heat  the  residue  to  redness,  until  the  mass  is  in  a  state  of 
quiet  fusion,  and  has  assumed  a  brown  colour,  there  remains,  when  we 
wash  the  mass  with  water,  metallic  and  porous  silver.  The  wash 
waters,  when  filtered,  still  contain  a  little  silver  in  solution,  because, 
if  hydrochloric  acid  is  added  to  them,  it  produces  a  precipitate  of 
chloride  of  silver.  In  evaporating  and  calcining  a  solution  of  gold  in 
cyanide  of  potassium,  the  result  is  similar,  i.e.  we  obtain  metallic 
gold.  The  wash  waters,  acidulated  with  hydrochloric  acid,  give, 
when  treated  with  sulphiuretted  hydrogen,  a  brown  precipitate  of  sul- 
phide of  g^ld  ;  and  with  the  salt  of  tin  a  violet  precipitate  (purple 
of  Gassius),  a  proof  that  these  liquids  still  contain  a  littie  gold  in 
solution. 

*'  Extraction  of  Silver  by  the  Wet  Method — Add  hydrochloric  aoid 
until  the  liquid  exhibits  a  strongly  acid  reaction.  The  precipitate 
of  chloride  of  silver  which  is  thus  obtained,  will  be,  as  we  have 
already  said,  of  a  reddish-white  colour,  because  of  the  cyanide  of  cop- 
per which  is  precipitated  with  it  when  the  solution  has  been  used  a 
long  time  for  silvering  objects  containing  copper.  In  this  precipita- 
tion by  hydrochloric  acid,  there  is  hydrocyanic  acid  gas  set  free,  there- 
fore the  operation  should  only  be  perfonned  in  the  open  air,  or  in  a 
place  where  there  is  gfood  ventilation ;  if  the  precipitate  is  veiy  red,  it 
must  be  treated  with  hot  hydrochloric  acid,  which  will  dissolve  the 
cyanide  of  copper.  The  chloride  of  sQver,  having  been  washed  with 
water,  must  be  dried  and  then  fused  with  pearlash  in  a  Hessian 
crucible  coated  with  borax,  in  the  ordinary  manner  for  obtaining 
metallic  silver. 

"  This  method  is  very  simple  in  its  application,  and  very  economi- 
cal, considering  that  by  the  aid  of  the  hydrochloric  acid  aU  the  silver 
contained  in  the  solution  of  cyanide  of  potassium  is  precipitated,  and 
there  remains  no  trace  of  it  in  the  liquid.  But  the  quantity  of  hydro- 
cyanic gas  which  is  disengaged  is  a  circumstance  which  must  betaken 
into  serious  consideration  when  operating  on  large  quantities  of  silver 
solution,  the  vapour  of  which  is  most  deleterious,  and  nothing  but  the 
most  perfect  ventilation,  combined  with  arrangements  tor  the  escape 
of  the  poisonous  gases,  will  admit  of  the  process  being  carried  on  with- 
out danger  to  the  workmen ;  when,  however,  we  have  taken  the  pre- 
cautions dictated  by  prudence,  the  method  in  question  may  be  con- 
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sidered  as  perfeotlj  pnctioal.  The  liquid  should  be  ponied  into  very 
oapadous  yeaaels,  becauae  the  addition  of  the  add  produoes  a  large 
amount  of  froth. 

**£xtraetion  of  Silver  by  the  Dry  Method.— The  solutaon  of 
cyanide  of  silver  and  potassium  is  evaporated  to  drjmess,  the  residue 
fused  at  a  red  heat,  and  the  resulting  mass,  when  cold,  is  washed 
with  water.  The.  remainder  is  the  silver  in  a  porous  metallic  condi- 
tion. There  still  remains  in  the  wash  waters  a  little  silver,  which 
may  be  precipitated  by  the  addition  of  hydrochloric  acid." 

B«60T«ry  off  Oold  and  BIlTcr  flrom  Bcrateli-bmaii  Wasta. — ^The 
sludge  or  sediment  which  accumulates  in  the  scratch -brush  box  fre- 
quently contains  a  considerable  quantity  of  gold  and  silver,  removed 
by  the  brushes  from  articles  which  have  stripped  in  parts  owing  to  de- 
fective cleaning  of  the  work.  This  waste^  with  other  valuable  refuse 
of  a  similar  description,  should  be  collected  every  few  months,  and 
after  being  dried,  should  be  mixed  with  a  little  dried  carbonate  of 
potash  and  fused.  The  resulting  button^  being  an  alloy  of  gold, 
silver,  copper,  &c.,  may  be  treated  as  follows  to  separate  the  gold  and 
silver : — Bemelt  the  alloy,  and  granulate  it  by  pouring  the  molten 
metal  into  cold  water.  Place  the  g^rains  in  a  flask  and  pour  on  them 
a  mixture  of  2  parts  nitric  acid  to  I  part  water,  and  apply  moderate 
heat,  when  all  but  the  g^ld  will  be  dissolved,  the  latter  remaining  as  a 
brown  powder  at  the  bottom  of  the  flask.  The  liquid  must  then  be  care- 
fully poured  into  another  vessel,  and  strips  of  clean  copper  immersed  in 
it,  which  will  cause  any  silver  present  to  be  thrown  down  in  the  metallio 
state.  The  gold  and  silver  deposits  must  afterwards  be  well  washed 
with  warm  water,  and  after  drying,  be  mixed  with  dried  carbonate  of 
potash  or  soda,  and  fused  as  before.  In  fusing  these  fine  deposits, 
after  they  have  been  intimately  mixed  with  the  dried  alkali,  which  is 
to  act  as  a  flux,  the  mixture  should  be  compressed  as  much  as  possible 
when  placed  in  the  crucible,  or  melting  pot,  by  means  of  an  iron  pestle 
or  other  suitable  tool,  and  the  heat  allowed  to  progress  slowly  at  first, 
and  after  a  short  time  this  may  be  increased  until  the  contents  of  the 
crucible  assume  a  semi-fluid  condition ;  when  in  this  state,  the  heat 
should  be  moderated,  to  allow  the  metal  to  "gather,"  as  it  is  termed, 
by  which  the  molten  globules  will  gradually  subside  and  unite  in  the 
form  of  a  liquid  mass  at  the  bottom  of  the  pot.  It  is  very  important 
at  this  stage  to  keep  the  fused  mass  in  as  liquid  a  state  as  possible, 
taking  care  also  not  to  apply  too  great  heat,  or  the  contents  may  rise 
up  and  overflow.  Should  this  be  likely  to  occur,  a  pinch  of  (fr«^  com- 
mon salt  may  be  thrown  into  the  pot,  which  will  cause  the  fused  mass 
to  subside.  When  the  operation  is  complete,  the  pot  is  to  be  with- 
drawn from  the  fire  and  placed  aside  to  cool ;  the  pot  is  afterwards 
broken  at  its  lower  part,  by  a  blow  from  a  hammer,  and  tiie  button 
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extracted.    Thia  may  then  be  plunged  into  a  dilute  snlphoxio  aoid 
pickle  to  remove  anj  flux  that  mar  attach  to  it. 
Beoafty  of  Oold  and  SUrer  ttom  Old  fltrippias  Bdutkanm, 

— ^The  gold  may  be  recovered  from  exhausted  stripping  baths  by 
evaporating  them  to  dryness  and  fusing  the  residue  with  a  little 
carbonate  of  potash  or  soda.  There  are  several  methods  of  treating 
old  silver  stripping  solutions,  of  which  the  following  are  the  simplest : 
I.  BHute  the  liquid  with  three  or  four  times  its  bulk  of  water ;  now 
place  in  the  liquid  several  stout  plates  of  clean  zinc,  which  will 
rapidly  become  covered  with  a  spongy  layer  of  reduced  silver ;  the 
plates  should  be  occasionaUy  shaken  in  the  liquid  to  remove  the 
deposited  metal,  which  will  fall  to  the  bottom  of  the  vessel.  When 
the  zinc  plates,  after  having  been  immersed  for  a  few  hours,  cease  to 
become  coated  with  silver,  the  liquid  may  be  decanted  into  another 
vessel,  and  a  few  drops  of  hydrochloric  acid  added,  when,  if  a  white 
cloudiness  is  produced,  more  acid  should  be  added  (or  a  solution  of 
common  salt)  until  it  produces  no  further  effect.  The  white  pre- 
cipitate, which  is  chloride  of  silver,  may  afterwards  be  coUeoted  and 
treated  separately.  The  reduced  silver  in  the  first  vessel  should  be 
well  washed,  to  free  it  from  sulphate  of  zinc,  and  afterwards  dried  and 
fused  as  before.  2.  The  silver  stripping  solution  may  be  treated  with 
a  strong  solution  of  common  salt,  which  will  throw  down  the  metal  in 
the  form  of  chloride,  and  this,  after  being  well  toaahed,  may  be 
employed  for  making  up  a  silver  bath,  or  the  chloride  may  be  decom- 
posed and  the  silver  reduced  to  the  metallic  state,  with  or  without  the 
aid  of  heat,  by  immersing  in  the  deposit  several  stout  pieces  of  clean 
zinc,  which  after  awhile  will  convert  the  deposit  into  metallic  silver  in 
the  form  of  a  g^ey  powder.  To  facilitate  the  action,  a  few  drops  of 
sulphuric  acid  should  be  added.  After  well  washing  with  hot  water, 
this  powder  may  be  dissolved  in  nitric  acid,  to  form  nitrate  of  silver, 
which  can  then  be  used  for  making  up  silver  baths.  Or  the  grey 
powder  may  be  dried  and  mixed  with  dri^  carbonate  of  potash  and 
fused  as  before  directed.  After  putting  the  mixture  of  reduced  sUver 
and  carbonate  of  potash  into  the  crucible,  it  should  be  compressed  as 
much  as  possible,  by  pressing  it  with  an  iron  pestle,  which  will 
gfreatly  facilitate  the  "gathering'*  of  the  globules  of  fosed  silver; 
indeed  it  is  a  good  plan,  when  the  crucible  has  become  fuUy  heated, 
to  gently  press  the  eruai  of  unfused  matter  with  an  iron  rod,  so  as  to 
force  it  to  the  lower  part  of  the  vessel  where  the  heat  is  greatest. 
When  the  gathering  of  the  metal  is  complete,  a  small  quantity  of  nitre 
may  be  occasionally  dropped  into  the  crucible,  which  will  remove  any 
traces  of  iron  or  copper  that  may  be  present,  and  thus  rend^  thi^ 
9ilT^  button  more  pure. 
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**  Strlppliiff  "  M«talfl  from  •aoh  otlMr.»01d  articleB  whioh  have 
been  gfilt,  olvered,  or  niokel-plated,  or  new  work  which  has  been 
nnaiioeeaBfally  coated  with  these  metaJa  by  electro-depositioii,  gene* 
rally  require  to  be  deprived  of  the  exterior  coating  before  a  proper 
deposit  can  be  obtained  by  deotrolysis.  The  operation  of  removing 
the  exterior  layer  of  metal  is  technically  termed  itripping^  and  the 
various  solutions  applied  for  the  purpose  are  termed  stripping  tolution$. 
It  may  be  well  to  remark  here  that  metals  of  a  like  character  do  not 
adhere  firmly  to  each  other;  thus  electro-deposited  gold  will  not 
adhere  to  a  g^t  surface,  silver  to  a  silver-plated  surface;  nor  will 
nickel  attach  itself  to  a  nickel-plated  article ;  this  fact  Ib  most  con- 
spicuously observable  when  an  attempt  is  made  to  re-nickel  a  nickel- 
plated  article  without  previously  removing  the  old  layer  of  this 
metal,  when  the  second  coating  will  generally  rise  up  from  the  under- 
lying coat,  even  without  subjecting  it  to  any  provocation  by  any  me- 
chanical means,  such  as  bufBng.  Indeed,  so  persistent  is  this  metal 
in  refusing  to  accept  a  second  coating  that  we  have  known  a  brass 
rod  (placed  in  the  bath  as  a  ''  stop,"  to  check  the  force  of  the  current 
when  first  filling  the  bath)  which  had  remained  in  the  bath  for  many 
weeks,  to  become  coated  with  countless  layers  of  nickel,  whioh  had 
partially  separated  from  each  other,  giving  the  lower  end  of  the  rod 
the  appearance  of  a  metallic  mop.  The  author's  impression  was 
that  every  time  the  drouit  was  broken,  by  the  stoppage  of  the  dynamo 
machine,  that  the  layer  next  deposited,  when  the  machine  was  again 
in  motion,  did  not  adhere  to  its  predecessor,  but  became  a  distinct  and 
separate  layer.  Although  this  refusal  to  attach  itself  to  a  metal  of 
its  own  kind  is  not  so  marked  in  the  case  of  silver  and  gold  as  with 
nickel  (and  we  might  say  copper  also),  it  is  unquestionably  the 
case  that  the  latter  metals  will  more  firmly  adhere,  when  dectro- 
deposited,  to  copper,  brass,  or  G-erman  silver,  than  they  will  to 
articles  composed  of  or  coated  with  the  same  metals.  The  solu- 
tions employed  for  removing  or  stripping  the  precious  metals  and 
nickel  from  articles  which  have  been  coated  with  them  will  be  given 
under  separate  headings,  since  the  materials  employed  differ  in  each 
case. 

Strippmc  flolntion  fdir  SUvar. — A  quantity  of  strong  oil  of 
▼itriol  is  put  into  a  stone  jar  or  enamelled  saucepan,  heated  on  a  sand- 
bath  or  in  any  convenient  way,  and  to  this  is  added  a  small  quantity 
of  saltpetre  (nitrate  of  potash).  Sometimes  nitrate  of  soda,  called 
Chih  ealtpetre^  is  used  in  place  of  the  other  salt.  When  the  saltpetre 
has  become  dissolved,  which  may  be  accelerated  by  stirring  the  mix- 
ture with  a  stout  glass  rod,  the  articles  to  be  stripped,  attached  to  a 
popper  wire,  VftQ  dipped  ipto  t|ie  hot  liqmd,  and  allowed  to  repMlin, 
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with  occasional  motion  up  and  down,  nntil  the  whole  of  the  silyer  haa 
become  diasolved  off.  If  the  operation  be  carefully  watched,  it  will 
be  observed  that  the  silver  quickly  dLsappears  from  the  parte  where  it 
was  thinnest,  and  gradually  appears  to  fade  away  until  not  a  trace  is 
left  upon  the  article.  The  chemical  action  of  the  solution  upon  the 
German  silver,  brass  or  copper,  of  which  the  artiole  may  be  com* 
posed,  is  very  slight  if  the  articles  are  withdrawn  directly  the 
silver  has  been  removed.  It  is  very  important  that  no  water  should 
be  allowed  to  enter  the  stripping  bath  ;  therefore  the  articles  should 
be  perfectly  dry  before  being  immersed.  In  stripping  spoons  and 
forks  it  will  gfenerally  be  noticed  that  the  last  portions  of  sQver  to 
leave  the  articles  are  at  the  points  of  the  prongs  and  upper  part  of 
the  handle  of  forks,  and  the  lower  portion  of  the  bowls  and  extremity 
of  the  handle  of  spoons,  which  establishes  the  well-known  fact  that 
these  parts  receive  the  greatest  thickness  of  deposit  than  other  por- 
tions of  the  artiole.  The  same  observation  applies  to  all  projecting 
parts,  and  in  order  to  remove  the  last  traces  of  silver  from  suoh  por* 
lions,  when  the  sQver  has  been  dissolved  from  the  main  body  of  the 
work,  the  artiole  should  be  raised  out  of  the  bath,  and  the  projections 
or  points  dipped  in  separately,  which  will  save  the  bulk  of  the  artiole 
from  being  severely  acted  upon  by  the  add  mixture.  When  the 
solution  begins  to  work  tardily,  after  a  certain  number  of  articles  have 
been  dipped  in  it,  more  saltpetre  must  be  added  from  time  to  time, 
and  the  liquid  kept  well  heated.  Since  oil  of  vitriol  attracts  moisture 
from  the  air,  every  time  the  bath  is  done  with  the  vessel  should  be 
covered  with  a  stout  plate  of  glass. 

When  a  stripping  bath  has  been  much  used,  it  works  slowly,  and 
the  addition  of  saltpetre  fails  to  invigorate  it.  When  in  this  condi- 
tion a  mass  of  crystals  will  deposit  at  the  bottom  of  the  vessel  as  the 
liquid  cools.  The  bath  must  now  be  put  aside  and  replaced  by  a  fresh 
mixture.  The  process  for  recovering  the  silver  from  old  stripping 
solutions  is  described  at  page  407. 

OOld  0tripplng  SolntioB  Idr  8llT«r. — A  large  quantity  of  strong 
sulphuric  acid  is  poured  into  a  sound  and  deep  stoneware  vessel ;  to 
every  two  parts  of  the  acid  by  measure  one  part  of  strong  nitric  acid 
(also  by  measure)  is  added,  and  the  mixture  is  employed  in  its  cold 
state.  The  process  of  stripping  in  this  solution  is  much  slower  than 
in  the  former  bath,  and  therefore  requires  less  attention ;  since,  how- 
ever, the  thickness  of  silver  upon  plated  work  varies  considerably, 
from  a  mere  film  to  a  good  stout  coating,  the  progress  of  the  work 
must  be  carefully  watched  from  time  to  time,  and  the  operator*8 
judgment  will  soon  g^uide  him  as  to  the  quality  of  the  plated  work 
under  treatmept.     The  urtidee  to  be  stripped  fo^  suspended  from 
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stout  copper  wires,  or  preferably  by  means  of  glass  books,  which 
may  readily  be  formed  from  stont  glass  rods  by  simply  bending  them 
to  the  required  form  over  an  ordinary  gas  jet  or  Bonsen  burner. 
It  isYery  important  that  no  water  should  be  allowed  to  enter  the 
stripping  bath,  otherwise  the  metal  of  which  the  articles  may  be  com- 
posed, as  brass,  copper,  G^erman  silTcr,  etc.,  will  be  acted  upon  by  the 
add  mixture.  When  the  liquid  begins  to  act  tardily,  after  being 
worked  for  some  time,  a  small  quantity  of  strong  nitric  acid  must  be 
added,  and  this  addition  must  be  made  whenever  the  liquid  shows 
signs  of  weakness. 

When  stripping  silver  from  articles  which  have  been  plated,  it  is 
necessary  to  remove  all  the  silver,  otherwise,  when  the  work  is  re- 
plated,  the  second  coating  may  strip  or  peel  off  such  parts  as  may 
have  small  portions  of  the  old  coating  adhering  to  them.  After  the 
artidee  have  been  stripped,  rinsed,  and  dried,  they  should  be  polished, 
or  buflad,  to  render  them  uniformly  smooth  for  replating,  after  which 
they  are  treated  in  the  same  way  as  new  work  preparatory  to  being 
placed  in  the  depositing  vat. 

Btrlppliig  8llT«r  from  Xron,  8t«el  Zlne,  Ae. — Articles  made 
from  these  metals,  as  also  lead,  Britannia,  and  pewter,  must  not  be 
stripped  in  the  acid  stripping  solutions,  but  the  silver  upon  their 
surface  may  be  removed  by  making  them  the  anode  in  a  cyanide  of 
silver  bath,  and,  as  we  have  before  sugg^ted,  it  is  better  to  keep  a 
small  bath  for  this  special  purpose  than  to  risk  injuring  the  usual 
plating  bath  by  the  introduction  of  other  metals,  which  will  surely 
occur  when  the  silver  is  partially  removed  from  the  plated  article  by 
the  solvent  action  of  the  pyanide. 

Strlppins  flUrer  try  Battery.— Make  a  strong  solution  of  cyanide 
of  potassium,  say  about  one  pound  to  the  gallon  of  water.  Attach 
the  article  to  be  deprived  of  its  silver  to  the  positive  electrode  of  the 
battery  or  dynamo-electric  machine,  and  suspend  a  strip  of  platinum 
foil  to  the  negative  electrode.  When  the  bath  has  acquired  a  certain 
amount  of  silver  (dissolved  &om  the  plated  articles)  the  platinum  will 
become  coated,  and  if  the  current  be  powerful,  the  silver  may  become 
deposited  in  a  g^ranular  state,  and  be  liable  to  fall  from  the  cathode  in 
minute  grains.  To  prevent  these  from  falling  to  the  bottom  of  the 
bath,  the  platinum  cathode  may  be  enclosed  in  a  muslin  bag,  which 
by  retaining  the  xNirticles  will  enable  them  to  be  readily  coUeoted. 
A  plate  of  gas  carbon,  German  silver,  or  brass  may  be  employed  as  a 
cathode  inst^uL  of  platinum,  if  desired. 

Btrlppliis  Oold  from  Bllv«r  Work. — If  done  with  great  care, 
the  g^ld  may  be  readily  dissolved  from  the  surface  of  solid  silver 
Articles  (not  electro-plated)  by  means  of  warm  aqua  regia,  composed 
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jf  4  parts  of  hydrochloric  acid  and  I  part  mtrio  add.  ^Rie  article  may 
be  either  dipped  in  the  aqna  regia,  or  the  acid  may  be  applied  to  the 
article  by  pouring  it  over  a  part  at  a  time,  from  a  small  porcelain 
ladle,  aad  allowing  the  llqnid  to  flow  into  the  yeasel  containing  the 
bulk  of  the  add.  When  this  method  is  adopted,  a  vessel  of  dean 
water  shonld  stand  by  the  side  of  the  add  bath,  in  which  the  artides 
should  he  rinsed  occasionally,  and  then  allowed  to  drain  before  again 
applying  the  add.  The  operation  should  be  conducted  over  a  sand 
bath,  above  'vthich  is  a  hood  to  conduct  the  fumes  g^ven  off  to  the  flue 
of  the  chimney.  As  we  have  hinted,  the  operation  requires  care,  but 
tf  properly  conducted  it  is  expeditious.  It  may  be  as  well  to  state 
that  silver  articles  which  have  been  merouiy  g^t— probably  more  than 
once — cannot  be  wholly  deprived  of  their  g^ld  without  injury  to  the 
article,  for  the  reason  that  a  considerable  portion  of  tiie  predous 
metal,  in  the  primary  stages  of  the  amalgam  process,  becomes 
alloyed  with  the  silver  base.  Electro-gilt  silver  articles,  on  the  other 
hand,  may  readily  be  de-gilded,  or  stripped,  by  the  above  plan,  or  by 
malriug  the  articles  an  anode  in  a  strong  cyanide  bath  such  as  we  have 
recommended  for  stripping  silver,  and  employing  an  active  current. 
To  remove  gold  from  silver  articles  by  another  method,  they  are  first 
brought  to  a  cherry-red  heat,  and  then  thrown  into  a  weak  solution 
of  sulphuric  acid,  by  which  the  gold  scales  off  in  spangles,  and  falls  to 
the  bottom  of  the  vessd.  The  process  of  heating  and  plunging  into 
the  add  pickle  is  repeated  until  all  the  g^ld  is  removed ;  after  removing 
from  the  pickle  each  time,  the  artide  should  be  rubbed  with  a  hard 
brush  to  remove  any  loosened  partides  of  gold,  and  rinsed  before  being 
again  heated. 

Strlppins  Vlek«l-plat«d  Arttetos. — Bearing  in  mind  what  we 
have  urged,  that  nickel  will  not  adhere  to  a  nickel-plated  surface,  it 
is  necessary  to  remove  the  old  nickd  coating  from  all  articles  which 
have  to  be  re-covered  with  this  metal.  In  the  case  of  Grerman,  French, 
and  American  nickel-plated  artides,  which  are  laigdy  imported  into 
this  country,  the  removal  of  the  nickd  coating  is  by  no  means  a 
troublesome  task  ;*  trifling  though  the  film  may  be,  however,  as,  in- 
deed, it  frequentiy  is,  the  film  must  be  removed  before  any  attempt  is 
made  to  replate  the  article,  otherwise  the  new  coating  will  assuredly 
strip  from  the  old  one  during  the  process  of  finishing,  it  not  while  it  is 
in  the  bath.  The  stripping  acid,  whidi  may  be  used  dther  cold  or 
tepid,  is  composed  of :  strong  sulphuric  acid,  4  lbs. ;  nitrio  add,  I  lb. ; 


*  We  allude  only  to  imported  articles ;  doubtless  those  retained  in  these 
soantries  for  home  nae  are,  like  our  own,  better  treated. 
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water,  about  i  pint.  The  water  Bhonld  first  be  pat  into  a  stoneware 
jar,  and  the  solphurio  acid  added  cautionsly  and  a  little  at  a  time, 
sinoe  considerable  heat  is  generated  when  this  acid  is  mixed  with 
water.  When  the  entire  quantity  of  sulphuric  add  is  added,  the 
nitric  acnd  is  then  to  be  poured  in,  when  the  bath  is  ready  for  use. 
In  making  up  the  stripping  bath,  the  proportion  of  the  acids 
may  be  varied,  but  the  foregoing  will  be  found  to  answer  every 
purpose. 

When  stripping  nickel-plated  articles  in  the  above  bath,  it  is  neces- 
sary to  watch  the  operation  attentively,  since,  as  we  have  observed, 
some  articles  are  very  lightly  coated,  and  a  momentary  dip  is  fre-, 
quently  sufficient  to  deprive  them  of  their  nickel.  Other  articles  which 
having  been  thoroughly  well  nickeled  require,  from  some  accidental 
cause,  to  be  stripped  and  re-nickeled,  will  need  unmersion  for  several 
minutes — indeed,  we  have  known  well-nickeled  articles  to  oooxrpy 
nearly  half  an  hour  in  stripping  before  the  underlying  brass  surface 
has  been  entirely  free  from  nickel.  The  operation  of  stripping  should 
be  conducted  in  the  open  air,  or  in  a  fire-place,  so  that  the  acid  fumes, 
which  are  very  pernicious,  should  escape  freely.  The  articles  should 
be  attached  to  a  stout  copper  wire,  and  after  a  few  moments'  immer- 
sion should  be  removed  from  the  bath  occasionally,  to  ascertain  how 
the  stripping  progresses,  and  the  moment  it  is  found  that  the  nickel 
has  quite  disappeared  from  every  part,  the  article  must  be  plunged 
into  clean  cold  water.  It  is  absolutely  necessary  that  the  work  should 
not  remain  in  the  stripping  solution  one  instant  after  the  nickel  is  re- 
moved. When  the  stripping  has  been  properly  effected,  the  underlying 
metal  exhibits  a  bright,  smooth  surface,  giving  little  evidence  of  the 
mixkire  having  acted  upon  it. 

Nickel  may  be  stripped  from  brass  and  copper  articles,  by  electro- 
lysis, in  a  dilute  solution  of  sulphuric  acid,  making  the  article  an  anode, 
as  in  other  airaugements  of  a  similar  kind ;  or  a  small  nickel  bath  may 
be  kept  specially  for  this  purpose. 

Btoppms-off. — ^This  teim  is  applied  to  various  methods  of  protect- 
ing certain  parts  of  an  ornamental  article  which  are  required  to  be  part 
gilt  and  part  silvered,  or  otherwise  varied,  according  to  taste.  For 
this  purpose,  certain  varnishes,  called  '*stopping-off  *'  varnishes,  oi 
''stopping,"  are  employed.  The  materials  vary  in  their  composition 
according  to  whether  they  have  to  be  used  with  hot  or  cold  solutions, 
more  especially  when  cyanide  of  potassixmi  is  the  active  ingredient  in 
the  depositing  bath.  A  formula  which  has,  with  modifications,  been 
much  employed  for  protecting  plated  work,  to  be  gilt  in  the  hot  cyanide 
bath,  from  receiving  the  gold  deposit  upon  cortun  ornamental  parts  of 
the  work,  is  composed  of  ^ 
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Clear  resin 10  parts 

Yellow  beeswax   .        .        .        .        .  6    „ 

Best  red  sealing-wax    .        .        .        ,  4    „ 

Jewellers'  rouge   .        •        •        .        •  3    » 

The  three  firBt-named  substances  are  to  be  thoroughlj  melted,  with 
gentle  stirring,  and  the  rougO)  which  lithe  peroxide  of  iron,  gradually 
added,  and  incorporated  by  stirring. 

A  solution  of  red  sealing-wax,  of  the  finest  quality,  in  alcohol,  foims 
a  very  useful  Tarnish  for  warm  g^ilding  solutions,  if  allowed  to  become 
thoroughly  hard  by  drying  before  the  article  to  which  it  is  applied 
enters  the  gilding  bath.  Gk)od,  quick-drying  copal  yamish,  mixed 
with  a  small  quantity  of  jewellers'  rouge  or  ultramarine,  is  alao  em- 
ployed for  hot  cyanide  solutions;  the  same  Tamiah,  mixed  with 
chromate  of  lead  (chrome  yellow),  may  be  used  with  cold  solutions. 
Almost  any  quick  drying  and  tough  yamish  may  be  used  with  cold  solu- 
tions, and  for  the  sake  of  recognising  more  freely  the  parts  to  which  the 
yamish  has  been  applied,  the  addition  of  a  little  mineral  oolooring  mat- 
ter, as  red  lead,  chrome  yellow,  or  ultramarine,  should  be  added  to  the 
varnish.  The  article  to  which  the  stopping-off  varnish  has  been  ap- 
plied, should  never  be  placed  either  in  a  hot  or  cold  bath,  until  it  has 
become  thoroughly  dry  and  hard.  The  stopping-off  varnishes  will 
generally  become  sufficiently  hard  in  from  three  to  four  hours  in 
warm  weather,  or  even  in  less  time  if  the  articles,  after  stopping,  are 
placed  in  a  lacquering  stove  moderately  heated. 

Applytns  8topplBS-ofr  Vamiab^a. — The  article  to  be  "stopped- 
off  "  must  first  be  carefully  well  scratch-brushed,  rinsed  in  hot  water, 
and  well  dried  by  wiping  with  soft  diaper.  The  parts  which  axe  to 
retain  the  silver  colour  (for  example)  are  to  be  very  carefully  and 
neatly  brushed  over  with  the  vamieh,  special  care  being  taken  not  to 
spread  it  beyond  its  proper  boundary,  otherwise,  when  the  artiole  is 
gilt,  the  outlines  of  the  various  parts  will  exhibit  a  ragged  and  un- 
sightly appearance ;  the  work  should  be  done  by  the  steady  hand  of  a 
skilful  workman.  In  gilding  the  articles  which  have  been  stopped-off 
the  temperature  of  the  gold  solution  should  be  as  low  as  possible,  even 
when  the  most  resisting  varnishes  are  used.  It  is  not  advisable  to 
employ  too  strong  a  current,  otherwise  the  bubbles  of  gas  evolved  are 
liable  to  dislodge  the  thinner  layers  at  the  extreme  edge  of  the  varnish, 
whereby  such  parts,  being  denuded  of  the  material,  become  coated, 
giving  a  ragg^  appearance  to  these  portions  of  the  object. 

After  the  articles  have  received  the  required  deposit,  they  are  well 
rinsed  and  dried,  and  the  varnish  is  dissolved  off  (if  an  oil  varnish, 
like  copal,  for  example)  with  warm  spirit  of  turpentine  or  benzole; 
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sealing- wax  yamiah  may  readil  j  be  removed  by  methylai»d  apirite,  with 
the  additioa  of  heat,  supplied  by  a  hot- water  bath.  Another  way  to 
remoTe  the  yamiah  is  to  destroy  it  by  plunging  the  artiole  for  a  short 
time  in  cold  conoentrated  oil  of  yitriol.  In  ornamenting  aitidee,  it  is 
sometimes  necessary  to  produce  various  cobured  efPects  upon  the  same 
object,  as  orange  yellow  gold,  pink  and  green  gold,  bright  and  dead 
silver,  oxidised  silver,  etc.,  in  which  case  the  stopping-otf  needs  the 
utmost  artistic  skill  and  delicacy  of  manipulation. 

SoUtavliiff. — Hard  Soldering, — It  not  unfrequently  happens,  while 
soratch-brushing  an  article  of  jewellery  or  other  small  artiole,  that  some 
portion  of  the  work  will  accidentally  break  away ;  under  such  cixenm- 
stanoes  it  will  be  well  if  the  gilder  can  himself  repair  the  article 
instead  of  being  compelled  to  return  it  to  his  customer  or  send  it  out 
ie  be  repaired.  With  a  view  to  furnish  the  operator  with  the  means 
of  doing  repairs  of  this  nature,  the  author  introduces  the  following 
extract  from  his  former  work ;  *  and  if  the  instructions  herein  given  are 
carefully  followed,  the  operator  will  have  little  difficulty  in  lepaixing 
accidental  breakages.  He  should,  however,  first  make  himself  master 
of  the  use  of  the  blowpipe,  and  practise  upon  pieces  of  thin  brass  or 
copper  wire  before  venturing  to  solder  delicate  articles  of  jewellery : — 
*'  Hard  soldering  "  consists  in  uniting  any  two  metals,  or  parts  of 
the  same  metal,  by  moans  of  an  alloy  composed  of  two  parts  of  silver 
to  one  part  of  brass.  The  silver  and  brass  should  be  melted  together 
as  follows : — Having  obtained  a  broad  piece  of  good  oharoold,  scoop 
out  a  slight  hollow  on  the  flattest  sniface  to  receive  the  alloy.  Now 
place  the  metals  in  the  hollow,  and  fuse  them  by  means  of  a  Uowpipe, 
using  either  a  jet  of  gas  or  an  oil  lamp  with  a  good  broad  wiok.  As 
soon  as  the  metals  become  hot,  touch  them  with  a  crystal  of  borax 
(borate  of  soda),  which  will  immediately  fuse  and  act  as  a  flux.  The 
Jet  of  flame  must  now  be  vigorously  employed  until  the  metals  are 
oompletely  fused.  The  fusion  may  be  continued  for  a  few  moments 
In  order  to  insure  perfect  amalgamation.  When  the  ** button"  of 
solder  is  well  melted,  the  flat  surface  of  a  hammer  should  be  placed 
quickly  upon  it,  by  which  means  it  will  become  flattened ;  in  this  f  onn 
it  may  be  readily  beaten  out  (unless  a  pair  of  steel  rollers  are  at  hand) 
until  sufficiently  thin  to  out  with  a  pair  of  jewellers'  shears.  Hie 
solder  can  be  hammered  out  upon  an  anvU  or  any  solid  iron  surface ; 
but  as  each  time  the  blow  is  g^ven  the  alloy  becomes  harder,  it  will  be 
necessary  from  time  to  time  to  annsal  it,  t.^.  place  it  again  upon  the 
charcoal  and  apply  the  blowpipe  flame  until  the  alloy  is  of  a  "  cheiry- 
red  "  heat ;  it  is  then  to  be  plunged  into  cold  water,  and  is  ready  for 

*  <*  Electro-metanarg}',**  by  Alexander  Watt,  tenth  edition,  p.  153. 
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beating  out  or  rolling  as  the  case  maybe,  the  object  being  to  make  the 
solder  as  thin  as  an  ordinary  card,  or  even  thinner.  When  the  operator 
is  without  a  pair  of  rollers  he  must  use  the  next  best  substitutes — a 
hammer  and  patience.  The  solder  before  being  used  must  be  scraped 
with  a  keen  steel  edge,  and  then  partly  cut  into  thin  strips,  and  these 
again  cross-cut  into  small  pieces  or  pellets  about  one-sixteenth  of  an 
inch  square.  These  peUets  may  be  cut  when  required  for  use,  or  kept 
in  a  clean  box  used  for  the  purpose. 

The  operator  should  next  provide  himself  with  a  dean  piece  of 
slate,  say  about  three  inches  square,  and  a  small  phial  filled  with 
water,  and  having  a  cork  with  a  small  groove  cut  in  it  from  end  to 
end.  The  bottle  is  used  to  apply  moisture  a  drop  at  a  time,  whilst  a 
large  crystal  of  borax  is  rubbed  upon  the  slate.  By  this  means  a 
tlnck  creamy  paste  of  borax  is  obtained  upon  the  slate,  which  will  be 
used  as  presently  directed.  The  parts  to  be  united  or  soldered  must 
now  be  scraped  clean  wherever  the  solder  is  expected  to  adhere^  and  with 
a  camel-hair  brush  or  feather  of  a  quill  dipped  in  the  borax  paste  brush 
over  the  parts  to  be  soldered.  A  few  pellets  of  the  solder  may  be 
pliiccd  on  the  dry  comer  of  the  slate,  and  with  the  extreme  point  of 
the  brush  moistened  by  the  paste  one  pellet  at  a  time  may  be  readily 
taken  up  and  placed  upon  the  prepared  surface  of  the  article.  The 
article  should  be  placed  upon  a  flat  piece  of  charcoal  (made  flat  by 
nibbing  on  a  flagstone),  and,  if  necessary,  tied  to  it  by  thin  ''binding 
wire."  A  g^tle  blast  of  the  blowpipe  will  at  first  diy  the  borax,  and 
the  flame  must  then  be  increased  (holding  the  blowpipe  some  distance 
from  the  flame  in  order  to  g^ve  a  broad  jet),  and  in  a  few  moments,  if 
the  jet  is  favourable,  the  solder  will  "  run,"  as  it  is  termed,  into  every 
crevice,  when  the  blowpipe  must  be  instantly  withdrawn.  A  yerj  little 
practice  will  make  the  operator  expert  in  this  interesting  art,  and  it 
will  be  advisable  for  him  to  practise  upon  articles  of  little  value  imtQ 
he  h:i8  not  only  acquired  the  use  of  the  blowpipe,  but  also  the  proper 
kin«l  of  flame  to  make  the  solder  run  freely.  After  an  article  has  been 
hard  soldered  it  is  allowed  to  cool,  or  may  be  at  once  placed  in  a  weak 
solution  of  sulphuric  acid  (a  few  drops  of  acid  to  an  ounce  of  water), 
which,  after  a  few  moments,  will  dissolve  the  borax  flux  whicli 
remains  after  the  soldering  is  complete.  The  article  should  now  be 
rinsed  in  water  and  dried. 

Soft  Soldering, — This  consists  in  uniting  articles  made  of  sheet  tin 
(tinned  iron),  lead,  zinc,  and  sometimes  iron,  with  an  alloy  of  tin  and 
lead.  It  is  usually  performed  with  a  tool  called  a  soldering 'iron^  which 
consists  of  an  ingot  or  bar  of  copper,  riveted  to  a  deft  iron  stem  termi- 
nating in  a  wooden  handle ;  the  operation  may,  however,  in  some  cases 
be  accomplished  by  means  of  the  blowpipe  flame.  In  soldering,  the 
fin»t  thing  to  do  is  to  well  clean  the  parts  to  be  united,  which  is  most 
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conTBoieiitlj  done  bj  Hraping^  a  throe-edged  too}  termed  a  weraptr^  or 
die  edge  of  a  penknife,  being  used  for  this  purpose.  In  applying  the 
solder  to  the  two  first-named  metala,  a  little  powdered  resin  is  first 
sprinkled  over  the  cleaned  sorfaces  to  be  united ;  the  soldering-iron 
must  be  well  tinned  by  first  moderately  heating  it  in  a  olear  fire,  then 
filing  the  bevelled  surfaces  of  its  point  until  bright  and  clean ;  it  must 
next  be  at  onoe  made  to  touch  a  lump  of  black  resin,  and  then  brought 
in  contact  with  a  strip  of  solder ;  care  should  be  taken  that  all  sur- 
rounding parts  of  the  point  of  the  tool  are  well  coated  with  solder. 
When  about  to  apply  the  soldering-iron  to  the  prepared  surfaces,  it 
must  be  first  made  moderately  hot,  not  on  any  account  red  hot ;  its 
point  should  then  be  wiped  on  a  piece  of  doth  having  a  small  piece  of 
resin  upon  it,  and  then  touched  with  the  strip  of  solder,  when  a  small 
globule  of  the  metal  will  attach  itself,  and  the  tool  may  now  be  applied 
to  the  object  to  be  soldered ;  at  the  same  time  the  strip  of  solder, 
being  held  in  the  other  hand,  should  be  brought  in  contact  with  the 
soldering-iron  and  a  sufficient  quantity  of  the  solder  allowed  to  melt 
while  the  tool  is  being  applied.  As  the  soldering-iron  cools,  it  must 
be  re-heated  and  cleaned  as  before.  Sometimes  powdered  Ral-ammoniao 
is  employed  in  soft  soldering,  and  it  is  a  good  plan  to  press  the  point  of 
the  hot  tool  upon  a  lump  of  this  salt  occasionally,  by  which  the  oxida- 
tion of  its  surface  becomes  removed.  In  passing  the  soldering-iron 
along  the  parts  to  be  joined,  the  solder  should  rwit,  as  it  is  termed, 
freely  and  form  a  bright  and  even  layer. 

In  soldering  iron  with  soft  solder,  the  surfaces,  after  being  well 
cleaned,  must  be  brushed  over  with  a  solution  of  chloride  of  zinc,  or 
«  tinning  salt ; "  this  is  made  by  pouring  a  littie  muriatic  acid  upon  a 
strip  of  dean  zinc  ;  vigorous  effervescence  at  once  takes  place,  and 
when  this  has  nearly  subsided  the  solution  is  ready  for  use.  The  solu- 
tion may  be  applied  to  the  cleaned  iron  surface  by  means  of  a  camd- 
hair  brush  or  the  feather  of  a  quill,  when  the  soldering-iron  is  to  be 
employed  as  before  ;  it  should,  however,  be  rather  hotter  for  this  pur- 
pose than  for  soldering  the  more  fusible  metals.  In  soldering  zinc  the 
tinning  salt  is  also  used,  but  a  littie  muriatic  add  spread  over  the 
surface  is  better,  since  it  deans  the  surface  of  the  zinc,  forming,  of 
course,  chloride  in  doing  so.  When  it  is  desired  to  solder  a  wire 
upon  a  stout  zinc  plate  for  battery  purposes,  it  is  a  good  plan  to 
moderately  heat  the  end  of  the  zinc  to  which  the  wire  is  to  be  attached, 
then  to  apply  a  few  drops  of  the  acid,  and  immediatdy  apply  the 
solder  as  before  ;  the  end  of  the  copper  wire,  being  previously  cleaned 
and  tinned,  is  then  to  be  put  in  its  place,  and  the  hot  soldering-iron 
and  sufficient  solder  applied  until  the  end  of  the  wire  is  imbedded  in 
the  material ;  a  cold  hammer  may  then  be  pressed  on  the  wire,  which, 
by  chilling  the  solder,  will  complete  the  operation. 
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Sheet  lead,  such  as  is  used  for  lining  nickel  and  other  tanks,  should 
not  be  united  by  soldering,  since  the  two  metals,  tin  and  lead,  when 
in  contact  with  the  solution  (especially  a  nickel  salt)  would  slowly 
undergo  chemioal  action,  probably  resulting  in  perforation  of  the 
lining.  It  is  usual,  therefore,  to  unite  the  sheet  lead  by  the  autogenow 
process,  or  '*  burning  "  as  it  is  called,  which  consists  in  first  scraping 
the  surfaces  dean,  when  a  jet  of  hydrogen  gas,  or  this  g^  mixed 
with  oommon  air,  is  applied,  by  whidi  the  two  surfaces  become  fused 
together.  This  method  of  securing  the  joints  of  lead-lined  tanks  is  now 
universally  applied,  and  is  unquestionably  the  best  system  that  can  be 
adopted. 

Soldering  Liquid. — As  a  substitute  for  the  solution  of  chloride  of 
zinc  ordinarily  used  as  a  tinning  salt,  the  following  has  been  recom- 
mended : — ^Make  a  neutral  chloride  of  zinc  by  adding  strips  of  tbe 
metal  to  muriatic  acid,  taking  care  to  employ  an  excess  of  tbe  former. 
Then  add,  while  the  liquid  is  still  hot  from  the  chemical  action,  as 
much  powdered  sal-anmioniac  as  the  fluid  wHl  dissolre.  Instead  of 
using  water  to  dilute  the  solution,  use  alcohol,  keeping  the  liquid  in  a 
well-stoppered  botde  until  required  for  use.  If  crystals  appear  when 
the  solution  is  placed  in  an  open  yessel  for  use,  add  a  little  alcohol, 
which  will  liquefy  them  again. 

To  Bemove  Soft  Bolder  from  Gold  and  SilTer  Wovfc. — ^Thiamay 
readily  be  effected  by  placing  the  soldered  article  in  a  hot  solution  ci 
perohloride  of  iron,  made  by  dissolving  crocus  or  jewellers'  rouge  in 
muriatic  add  and  diluting  the  solution  with  four  times  its  bulk  of 
water,  and  there  leaving  it  until  the  solder  is  removed.  A  formula 
recommended  by  Gee*  for  tliis  purpose  is  composed  of  protosulphate 
of  iron  (green  copperas),  2  ozs.  ;  nitrate  of  potassa  (saltpetre},  I  oz. ; 
water,  10  ozs.  Beduce  the  protosulphate  of  iron  and  nitrate  of 
potassa  to  a  fine  powder,  then  add  tbese  ingredients  to  the  water,  and 
boil  in  a  cast-iron  saucepan  for  some  time ;  allow  the  liquid  to  cool, 
whcu  crystals  will  be  formed ;  if  any  of  the  liquid  should  remain 
uiicrystallised,  pour  it  from  the  crystals,  and  again  evaporate  and 
crystallise.  The  ciystallised  salt  should  be  dissolved  in  muriatic  add 
Sn  the  proportions  of  one  ounce  of  the  salt  to  eight  of  add.  Now  take 
one  ounce  of  this  solution  and  add  to  it  four  oimces  of  boiling  water  in 
a  pipkin,  keeping  up  the  heat  as  before.  In  a  short  time  the  most 
obstinate  cases  of  soft  solder  will  be  cleanly  and  entirdy  overcome  and 
the  solder  removed  without  the  work  changfing  colour. 

Aooording  to  the  same  authority,  another  solvent  for  the  purpofic 
may  be  prepared  as  follows :  To  dght  ounces  of  muriatic  odd  add  one 
ounce  of  crocus,  and  well  shake  it,  in  order  that   it  may  become 

•  **  The  Ooldsmith'8  Handbook,"  by  Geoige  £.  Gee,  p.  144. 
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perfectly  mixed ;  of  thia  miztaie  take  one  ounoe,  and  add  to  it  four 
oimoeB  of  hot  water,  plaoe  it  in  a  pipkin,  and  keep  np  the  heat  by 
means  of  a  g^- jet ;  put  the  articles  containing  the  soft  solder  into  it, 
and  soon  the  desired  result  will  be  achieyed.  But  the  fonnflr  plan 
(adds  Hr.  Qee)  is  most  to  be  xeoommended. 


CHAPTER  XXVIL 

3fEGHANlGAL  OPERATIONS   CONNECTED   WITH 

ELECTRO-DEPOSITION. 

Metal  Polishing. — Braas  Polishing. — ^The  Polishing  Lathe. — Brass  Finishing. 
— Lime  Finishing. — Nickel  PoliAhing  and  Finishing. — Steel  Polishing. 
— Polishing  Silver  or  Plated  Work. — Burnishing. — BumiBhing  Silver 
or  Plated  Work.— Electro-gilt  Work. 

Metal  goHaMiig. — ^AH  artioleB  which  are  required  to  be  bright 
when  finished  are  submitted  to  the  process  of  polishing  before  they 
undergo  the  preliminary  operations  of  cleaning,  dipping,  quicking, 
&c.,  to  prepare  them  for  the  depositing  vat.  If  the  articles  were  not 
to  be  rendered  perfectly  smooth  before  being  coated  with  other  metal, 
it  would  be  exceedingly  difficult,  if  not  impossible,  either  to  polish  or 
burnish  them  after  being  plated  to  such  a  degree  of  perfection  as  is 
necessary  for  bright  work.  This  preliminary  polishing  is  more 
especially  necessary  in  the  case  of  nickel-plated  work,  for  unless  the 
work  is  rendered  bright  and  absolutely  free  from  scratches  or  markings 
of  any  kind,  these  defects  will  inevitably  show  when  the  articles  are 
finished.  The  extreme  hardness  of  nickel  renders  the  operation  of 
polishing  and  finishing  nickel-plated  work  at  all  times  laborious,  but 
more  especially  so  if  the  work  has  been  badly  polished  before  it  enters 
the  nickel  bath.  It  is  also  the  fact  that  every  scratch,  however 
minute,  which  a  careless  polisher  leaves  upon  brass,  copper,  or  steel 
work,  becomes  plainly  visible  after  it  has  been  finished  by  the  nickel- 
polisher.  In  huge  work,  such  as  mullers,  sausage- warmers,  &o.,  the 
preparatory  polishing  should  be  of  the  most  faultless  character,  sinoe 
any  attempt  to  remedy  defects  after  nickel-plating  would  be  fruitless, 
and  probably  result  in  euiting  through  the  nickel,  necessitating  the 
replating  of  the  article,  which  should  under  all  droumstanoes  be 
rigidly  avoided.  It  should  be  the  nickel-plater's^r^^  duty  to  examine 
every  piece  of  work,  to  see  if  it  has  been  properly  polished,  before 
placing  it  in  the  potash  bath  ;  if  badly  polished,  it  must  be  sent  baok 
to  the  polisher  again. 

Brais  Policing. — ^These  operations  are  performed  at  a  lathe  set  in 
motion  by  steam-power.    It  is  usually  the  praotioe  lor  metal  poliahen 
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to  fix  their  lathes  in  vorkahopB  sapplied  with  steam-power  from 
adjacent  premises,  the  cost  of  power  per  lathe  being  generally 
moderate. 

Th^  Foluhing  Lathe. — ^Thia  machine  ordinarily  consists  of  a  stout 
wooden  bench  set  firmly  in  the  fioor.  In  the  centre  of  the  bench  is  a 
solid  oast-iron  standard — secured  in  its  position  by  screwed  bolts — ^in 
which  runs  a  long  double  spindle,  working  on  brass  or  g^on-metal 
bearings.  In  the  centre  of  the  spindle  are  two  pulleys,  one  fast  and 
the  other  loose,  by  means  of  which  it  may  be  set  in  motion  or  stopped 
at  wHl.  The  spindle  revolyes  at  a  very  high  speed.  A  leather  belt, 
connected  to  a  revolving  shaft,  by  preference  below  the  lathe,  passes 
over  these  pulleys,  and  either  workman,  by  means  of  a  stick  kept  for 
the  purpose,  can,  by  pushing  the  belt  to  left  or  right,  set  the  spindle 
in  motion  or  stop  it  as  occasion  may  require.  This  arrangement  is  not 
only  convenient,  but  absolutely  necessary,  since  the  spindle  is  gene- 
rally worked  by  two  men — one  at  each  end  ;  and  when  either  of  them 
requires  to  change  one  circular  buff,  or  **  bob,"  for  another,  which 
very  frequently  happens,  he  takes  up  the  short  stick  and  pushes  the 
belt  from  the  fast  pulley,  which  is  attached  to  the  spindle,  to  the  loo9$ 
pulley,  which  runs  over  it.  An  improved  polishing  lathe,  with  shaft- 
carrier  and  standard  combined,  has  been  produced  in  Birmingham, 
and  the  design  is  shown  in  Fig.  121.  This  arrangement  obviates  the 
necessity  of  fixing  a  wooden  bench. 

Hie  polishing  tools,  or  <<  bobs,"  as  they  are  usually  called,  con- 
sist of  discs  of  various  kinds  of  hard  leather,  the  stoutest  of  which 
are  about  three-fourths  of  an  inch  thick,  and  are  made  from  walrus  or 
hippopotamus  hide  ;  other  bobs  are  made  from  bull-neck  leather,  felt^ 
&c.  The  materials  used  for  brass  polishing  are  glass-cutters*  sand 
and  Trent  sand ;  the  former,  having  a  sharper  cut  than  the  latter,  is 
generally  used  for  very  rough  work,  such  as  comes  direct  from  the 
founders,  with  the  file  marks  extensively  visible  tipon  its  surfaces. 
Before  commencing  his  work,  the  polisher,  after  removing  his  coat 
and  hat,  envelops  himself  in  a  long,  loose  garment,  made  of  brown 
holland,  which  buttons  at  the  neck  from  b^iind,  and  its  sleeves  are 
secured  at  the  wrists  in  the  same  way. 

IVevious  to  setting  the  lathe  in  motion,  each  polisher  spreads  a 
square  piece  of  calico  upon  the  bench,  immediately  under  the  point  of 
each  spindle,  upon  which  each  workman  places  a  quantity  of  the  sand 
he  intends  to  use.  The  first  operation,  called  roughing,  or  rough 
sanding,  is  generally  performed  by  the  workman  standing  at  the 
light-hand  end  of  the  spindle,  and  the  work  is  then  passed  to  hia 
mate  on  the  left,  who  treats  it  with  a  finer  quality  of  sand,  or  '*  old 
sand,"  that  which  has  been  repeatedly  used,  by  which  a  much 
smoother  «arface  is  produced.    In  the  process  of  Mondtng^  as  it  is  called^ 
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the  workman,  holding  a  piece  of  work  in  his  right  hiiiiii,  takes  up  a 
handful  of  ntnd  with  his  left,  and  holding  the  work  up  to  the  lower 
part  of  the  revolving  bob,  pressee  it  against  it,  while  he  dexterouslx 
allowB  the  sand  in  his  left  hand  to  continually  escape,  by  which  it 
posses  on  to  the  bob  while  the  work  is  being  pressed  against  it ;  the 
moment  the  handful  of  Bfuid  is  i>aJd  out,  he  takes  up  another  handful. 


FiTolnntarilj,  and  keeps  up  (his  movement,  at  interrals  of  a 


few  seconds   only,  with  mechanioal  regularity.      The  operation 
[High  sanding  is  sometimes  very  laborious,  as  the  workmeu  have  to 
■    '  1  order  to  oUitnate  deep 
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Bran  Finithinff, — After  the  work  has  been  rough  and  fine  sanded, 
it  u  tranaferred  to  the  Jinuiher^  in  whose  hands  it  receives  the  highest 
degree  of  polish  of  which  the  metal  is  susceptible.  As  in  all  other 
branches  of  trade,  there  is  much  difference  in  the  skill  and  judgment 
of  those  who  follow  the  art  of  brass  finishing.  While  some  workmen 
take  great  delight  in  turning  their  work  out  of  hand  in  the  most 
creditable  condition,  others  are  exceedingly  careless  and  indifferent  as 
to  whether  the  work  be  good  or  bad,  havingf  perhaps,  a  preference  for 
the  latter.  Hie  material  gpenerallj  used  for  finishing  brass  work  is 
quicklime  reduced  to  a  fine  powder,  and  sifted  through  a  muslin  sieve. 
The  lime  preferred  for  this  purpose  is  obtained  from  the  neighbour- 
hood of  Sheffield,  and  is  well  known  in  the  polishing  trade  as 
''Sheffield  lime.'*  This  material  is  selected  at  the  lime-kilns  by 
persons  who  well  know  what  the  trade  require,  and  is  packed  in 
casks  and  sent  to  the  polishers  in  London  or  elsewhere,  who  preserve 
it  in  olive  jars,  or  large  tin  chests,  carefully  covered  with  cloths  to 
exclude  the  air  ;  if  the  lime  be  allowed  to  extract  carbonic  acid  from 
the  atmosphere  it  soon  becomes  converted  into  earbonaU  of  lifM,  which 
is  useless  for  polishing  purposes.  When  the  lime  is  required  for  use, 
a  boy  takes  a  lamp  or  two  from  the  jar,  and  removes  all  dirt  and 
impurities  by  first  scraping  the  lime  all  over,  after  which  he  breaks 
the  lime  up  into  small  fragments,  a  few  of  which  he  puts  into  an  iron 
mortar,  and  with  a  pestle  of  the  same  metal  reduces  it  to  a  powder. 
He  next  passes  the  powdered  lime  through  the  sieve  and  hands  the  fine 
powder  to  the  first  workman  who  requires  it.  Only  a  small  quantity 
of  lime  is  thus  prepared  at  one  time,  since  it  loses  its  cutting  property 
if  exposed  to  the  air  even  for  a  short  time,  especially  when  in  the  state 
of  powder. 

Lime  Finishing  is  generally  entrusted  to  workmen  of  superior 
ability,  since  much  of  the  beauty  of  the  work  depends  upon  the  care 
and  skiU  bestowed  upon  this  stage  of  the  polishing  process.  The  lime 
is  applied  to  the  bobs  in  the  same  way  as  the  sand,  but  a  little  oil  is 
also  used  ;  by  being  used  over  and  over  again,  the  lime  becomes  im- 
pregnated with  particles  of  metal,  which  increases  its  polishing  power. 
Indeed,  we  may  say  that  the  bright  polish  which  metals  acquire  when 
rubbed  with  an  impalpable  powder,  such  as  jewellers'  rouge,  lime,  or 
other  material,  is  only  due  to  the  polishing  medium  indirectly ;  it  is 
the  metal  which  becomes  removed  from  the  surface  of  the  work  which 
produces  the  brilliant  effect  termed.  Jinish,  or  high  polish.  When  the 
workman  has  carefully  gone  over  every  part  of  the  work,  chang^g 
the  bobs  from  time  to  time  to  suit  the  various  surfaces — plane  or  hol- 
low, as  the  case  may  be — he  removes  the  lime-bob  from  the  spindle, 
and  fixes  a  ''dolly"  in  its  place.  The  dolly  for  this  purpose  com- 
monly consists  of  a  large  disc,  composed  of  many  layers  of  unbleached 
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calico — the  whole  being  about  half  to  three -quazten  of  an  inch  in 
thickness.  Hie  folds  of  calico  are  first  cut  into  a  circular  form  by 
means  of  a  chisel  and  mallet,  and  these  are  braced  together  by  two 
discs  of  leather  or  metal,  secured  hj  copper  rivets.  A  hole  is  formed 
in  the  centre  to  admit  the  screwed  point  of  the  spindle.  The  dolly  is 
worked  with  dry  lime,  which  is  applied  by  frequently  holding  a  lump 
of  fresh  lime  ag^ainst  the  revolving  calico  disc,  by  which  it  becomes 
sufficiently  charg^  for  the  time.  The  high  speed  at  which  the  dolly 
revolves  causes  the  frayed  edges  of  the  cloth,  when  charged  with  dry 
lime,  to  produce  an  exceedingly  brilliant  surface  in  a  very  short  time, 
but  much  judgment  on  the  part  of  the  finisher  is  needed  to  produce  the 
highest  fizush  attainable,  a  point  which  good  workmen  never  fail  to 

Kolul  FoUahlngy  or  Ptnlaliing,  is  performed  by  aid  of  Sheffield 
lime,  a  little  oil  being  applied  to  the  bobs  occasionally.  Bouge  and 
croons  compositions  are  used  by  preference  by  some  polishers.  If  the 
work  has  been  properly  polished  before  plating,  the  nickel-finisher's 
task,  although  requiring  much  skill  and  care,  Ib  tolerably  straightfor- 
ward. The  dull  nickel  deposit  readily  yields  to  the  pressure  upon  the 
lime- bob,  presenting  to  the  eye  of  the  workman  that  degree  of  bright- 
ness which  he  knows  full  well  will  come  up  to  the  highest  possible 
brilliancy  under  the  operation  of  the  doUy.  He  takes  good  care,  how- 
ever, not  to  trust  too  much  to  the  latter  tool,  but  gives  the  work 
a  brilliant  surface  before  it  is  submitted  to  the  dolly.  It  is  his  special 
care,  moreover,  by  using  small  and  thin  bobs,  specially  reserved  for 
such  purposes,  to  well  polish  every  interstice  or  hollow  that  can  be 
reached  by  the  smallest  of  his  bobs,  some  of  which  are  about  the  size 
of  a  crown  piece. 

WtMl  ynHrtilng. — ^The  articles  are  first  g^und  upon  a  grindstone 
or  emery  wheel,  and  are  afterwards  glased^  as  it  is  termed,  which  con- 
sists in  submitting  the  steel  articles  to  the  action  of  round  discs  of 
wood  covered  with  leather  or  metal — a  mixture  of  lead  and  tin — 
applied  with  emery  powder  of  various  deg^rees  of  fineness,  moistened 
with  a  little  oil.  By  this  means  the  work  is  rendered  as  smooth  as 
possible,  and  afterwards  receives  a  bright  finish  with  leather-faced 
buffs  charged  with  finely  powdered  crocus  (peroxide  of  iron),  which 
Imparts  to  the  surface  the  brilliant  lustre  for  which  gpod  steel,  as  a 
metal,  is  so  justly  famed.  Cow -hair  or  bristle  brushes  charged  with 
crocus  and  oil  are  also  used  for  steel  polishing. 

ynllrtilng  8llT«r  or  Plated  IXTork. — ^The  preliminary  stages  of  the 
process  are  performed  at  a  lathe  set  in  motion  by  frteam-power,  or  by  a 
suitable  foot-lathe ;  the  ordinary  form  of  the  latter  machine  is  shown 
in  Fig.  122 .  The  tools  used  are  a  series  of  drcular  buffs  or  bobs  con- 
sisting of  discs  of  wood,  faced  with  hard  and  soft  leathers  to  suit  the 
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■ereral  ^teget  of  the  process,  the  softer  buSs  being  applied  after  die 
utidee  have  rtceived  a  preliminary  tnuttmeut  witL  tlie  harder  aitd 
more  aotdTS  tools.  Circular  bruHheii,  formed  of  bristles  set  in  discs  of 
wood,  are  alia  employed,  and  for  some  puiposea  bobs  made  from  buU- 
oeok  leather,  &b.,  of  Tarioos  sizes  and  degrees  of  thickuees,  are 
naed.  TTie  polisher  is  generally  provided  with  the  Tarions  kinds 
of  leathcc  required  in  his  work,  from  which  he  cuts  out  his  bobs  to 
mit  the  particular  work  he  may  have  in  haad.    The  polishing  is 


Fig.  112. 

effected  with  the  material  known  as  rotten-Htone.  or  tripoli,  moistened 
with  oil ;  the  former  is  usually  kept  in  a  shallow  tray,  and  the  latter 
in  a  conical  tin  can  with  »nmU  tubular  opening  at  the  top  ;  by  gently 
pressing  upon  the  bottom  o[  the  can  with  the  thumb.  Uie  oil  eecapes 
■lowly,  so  that  a  single  dnjp  may  be  applied  if  necessary.  Having 
set  the  lathe  in  motion,  the  workman  appliurj  a  little  rotten-stone  and 
oil,  in  the  form  of  a  paste,  to  the  revulvin);  bob,  and  then  preMea 
the  article  with  moderate  force  against  it,  shifting  the  Hrticle  oontinu- 
■lly,  nntil  the  entire  surfucehas  been  bufied.  The  work  is  carefully 
examined  from  time  to  time,  and  vhen  sufSciently  smooth  for  finish- 
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iagf  it  is  sent  to  the  fizushing  room,  where  it  is  first  cleaned  by  well 
washing  with  warm  soap  and  water,  with  the  addition  of  a  little  soda. 

Finishinffy  or  Colouring,  is  performed  either  hj  lathe  or  by  hand, 
according  to  the  nature  of  the  work.  When  the  lathe  is  employed,  a 
a  mop  or  *'  dolly,"  made  from  the  fabric  called  Mraii«<fotm,  is  used,  in 
whi(^  several  layers  of  this  material,  cut  into  a  circular  form,  are 
united  by  discs  of  wood  or  metal  held  together  by  screws  or  rivets.  In 
the  centre  of  these  discs  a  hole  is  punched,  to  receive  the  screwed  point 
of  the  spindle.  The  material  used  for  finishing  is  the  finest  quality  of 
jewellers'  rouge  (peroxide  of  iron),  which  is  made  into  a  paste  with 
water,  and  applied,  in  small  quantities  at  a  time,  to  the  face  of  the 
doQy-mop,  which,  by  revolving  at  a  very  high  speed,  quickly  pro- 
duces a  remarkably  brilliant  lustre.  The  rouge  ''compo"  before 
referred  to  is  also  used  for  silver  polishing. 

Sand-Finishing,  or  Colouring. — This  operation  is  best  conducted  by 
men  or  women  whose  hands  are  of  a  soft  texture,  or  have  a  **  velvet- 
hand,"  as  it  is  sometimes  termed  in  the  trade.  The  colourer  is  pro- 
vided with  a  shallow  porcelain  vessel,  in  which  he  puts  a  quantity  of 
rouge,  and  pours  upon  it  sufficient  water  to  form  a  pasty  mass  ;  after 
having  thoroughly  cleaned  the  articles,  and  wii)ed  them  dry  with  a 
soft  piece  of  diaper,  he  dips  the  tip  of  his  finger  in  the  rouge-paste, 
and  smears  it  over  a  part  of  the  work,  and  rubs  the  article  briskly 
with  the  side  of  the  hand  below  the  little  finger,  or  the  large  muscle 
below  the  thumb,  according  to  the  surface  he  has  to  treat,  using 
moderate  pressure  at  first,  and  this  he  diminishes  as  the  work 
approaches  the  finish.  As  soon  as  the  silver  surface  has  acquired  the 
bhick  lustre  for  which  this  metal,  when  highly  polished,  is  so  remark- 
able, it  is  examined  to  ascertain  if  there  are  any  scratches  or  other 
imperfections  visible  ;  if  an  appearance  of  greyness  is  noticeable  upon 
any  part  of  the  work,  such  portions  are  again  gone  over  until  the  uni- 
form black  lustre  has  been  produced.  It  is  of  the  highest  importance 
that  neither  dust  nor  grit  eJiould  get  into  the  rouge  or  upon  the  work 
while  being  coloured,  otherwise  scratches  difficult  to  obliterate  will  be 
produced.  When  the  work  is  finished,  the  rouge  is  washed  out  of  the 
crevices,  or  ornamental  parts  of  the  work  by  means  of  soap  and  water 
and  a  very  soft  long-haired  brush  kept  specially  for  this  purpose.  The 
articles  are  then  wiped  dry  with  a  soft  piece  of  old  diaper  or  linen, 
and  afterwards  with  a  soft  chamois  leather. 

Articles  which  have  been  electro-plated  should  only  be  submitted  to 
tile  process  of  polishing  when  they  have  received  a  stout  coating  of 
silver,  for  if  but  a  moderate  deposit  has  been  put  upon  the  work,  the 
severe  operation  of  buffing  with  rotten-stone  will  most  probably  cut 
through  the  silver  and  expose  the  metal  beneath,  more  especially  at 
the  edges. 
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-Although  many  stoutly  plated  aitioleB  of  electro- 
plate— especially  spoons  and  forks — are  rendered  bright  hj  polishing, 
by  far  the  greater  proportion  of  this  class  of  work  is  burnished. 
Burnishers  are  an  important  class  of  female  operatiyes,  who  have 
regularly  served  an  apprenticeship  to  the  trade  from  an  early  age, 
and  many  of  whom  perform  their  allotted  tasks  with  exquisite  care 
and  finish.  Tl|ie  tools  employed  in  burnishing  silver  and  plated  work 
are  very  numerous,  and  are  made  of  steel  for  the  preliminary  operationB 
of  gnmnding  as  it  is  termed,  and  blood-stone,  a  hard  compact  variety 

of  hematite  (native  oxide 
^7\  C^         ^      of   iron)   for  Jinisking,      A 

few  examples  of  burnishing 
tools  are  shown  in  the  accom- 
panying engravings  (Fig. 
123),  the  cuts  being  about 
half  the  actual  size  of  the 
tools  they  represent.  The 
steel  tools,  which  are  made 
in  various  forms  to  suit  the 
different  surfaces  to  which 
they  have  to  be  applied,  are 
of  various  degrees  of  thick- 
ness, the  thinner  or  keener 
implements  being  first  used 
to  ground  the  work,  as  it  is 
termed,  before  the  stouter 
tools  are  applied.  The  blades 
of  the  steel  burnishers  are 
fixed  into  wooden  hafts  or 
handles  provided  with  a 
brass  or  iron  ferrule,  to  pre- 
vent the  wood  from  split- 
ting. The  blood-stones  are 
fitted  into  iron  tubes,  and 
secured  by  means  of  pewter  solder,  a  wooden  handle  being  inserted 
in  the  other  end  of  the  tube.  Blood-stone  burnishers  are  of  several 
qualities,  the  finest  material  being  used  for  Jiniahing.  These  imple- 
ments are  also  of  different  sizes,  so  as  to  be  suitable  for  large  or  small 
surfaces. 

Preparing  the  Toole  for  Burnishing. — To  impart  a  perfectly  smooth 
and  bright  surface  to  the  steel  and  blood-stone  burnishers,  each  work- 
woman provides  herself  with  two  flat  buffs,  one  for  the  steel  tools 
and  the  other  for  the  blood- stones.  The  steel  buff  consists  of  a  piece 
of  buff  (Fig.  124}  or  belt  leather,  such  as  soldiers*  belts  are  made 
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^m,  about  lo  inches  long  and  2^  inches  wide.  The  .leather  is  first 
boiled  for  some  time  in  water,  after  which  it  is  dried  as  speedily  as 
possible,  by-  which  means  it  becomes  excessively  hard ;  the  leather  is 
next  glued  to  a  flat  piece  of  wood,  about  three-fourths  of  an  inch 
laiger  than  itself  each  way,  and  about  three-quarters  of  an  inch  in 
thickneas.  To  secure  the  leather  in  its  position  until  the  glue  has 
become  hardened,  a  heavy  weight  or  clamps  are  used.  When  ready 
for  use,  the  burnisher  forms  a  groove  from  end  to  end,  by  rubbing  one 
of  the  stouter  tools  upon  the  surface  of  the 
leather,  leaning  with  all  her  weight  upon 
it,  so  as  to  form  as  deep  a  hollow  or 
groove  as  possible.  Having  done  this  she 
places  a  little  jewellers'  rouge  in  the  groove,  pj^  124 . 

and  passes  the  tool  up  and  down  the  hollow 

with  all  her  force,  until  its  face  has  acquired  a  bright  black  lustre.  It 
is  usually  the  practice  to  form  about  three  such  grooves  in  the  leather 
with  tools  of  various  thicknesses,  these  being  applied  to  stout  or  thin 
burnishers,  as  the  case  may  be.  The  buffs  for  polishing  the  blood- 
stone tools  are  prepared  in  the  same  way  as  the  former,  a  single  g^roove 
or  channel  only  being  formed  as  evenly  as  possible  in  the  centre  of  the 
leather.  The  material  employed  in  polishing  the  face  of  the  blood- 
stone is  putty-powder  (oxide  of  tin),  which  is  used  in  the  same  way 
as  the  rouge  for  the  steel  tools. 

Preparation  of  the  Work  for  JBumishing. — ^The  plated  articles,  after 
being  scratch-brushed,  rinsed,  and  dried,  are  transferred  to  the  bur- 
nisher, who  first  scours  them  aU  over  with  fine  silver-sand  and  warm 
soap  and  water,  applied  with  a  piece  of  soft  flannel ;  the  work  is  then 
thoroughly  well  rinsed  in  warm  water,  then  wiped  dry  with  soft 
diaper  or  old  linen  rag.  When  thus  prepared,  the  article  is  ready  for 
burnishing. 

Burnishing  Silver  or  Plated  Work. — ^After  scouring  the  work  the 
burnisher  makes  a  small  quantity  of  warm  soap-suds,  in  a  gallipot 
or  other  small  vessel,  by  putting  a  few  thin  slices  of  yellow  soap  in  the 
vessel,  and  pouring  hot  water  over  them,  stirring  for  a  few  moments 
with  one  of  the  steel  tools,  until  the  "  suds*'  are  in  a  condition  for 
use.  She  next  selects  the  tool  she  intends  to  commence  with,  and 
rubs  it  upon  the  buff  until  the  requisite  surface  is  obtained.  Having 
wiped  the  tool,  she  dips  it  in  the  suds,  and  holding  it  in  her  right 
hand,  with  the  handle  resting  on  her  little  finger,  near  the  knuckle, 
the  other  three  fingers  being  above  the  handle,  while  the  thumb 
presses  upon  the  top  of  the  handle,  by  which  means  the  tool  is  held 
firmly,  and  can  be  applied  with  the  necessary  pressure.  The  first  tool 
employed  for  a  large  flat  surface  is  one  of  the  larger  and  thinner 
burnishers,  whose  face  is  of  an  elliptic  form ;  this  is  held  in  a  slanting 
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direction,  and  passed  to  and  fro  over  the  work  with  soffidttnt  ptetf- 
sure  to  produce  a  certain  degree  of  brightness,  and  evoy  now 
and  then  the  tool  is  wiped  dry,  re-bnfled,  and  again  applied,  until 
the  whole  surface  of  the  article  has  been  gone  over.  A  stouter  steel 
tool  is  next  applied,  which  has  the  effect  of  considerably  erasing  the 
marks  left  by  the  first  implement.  After  g^ing  oTcr  the  surface 
scTeral  times  with  steel  tools  of  increasing  thickness,  the  first  blood- 
stone is  next  applied,  and  which,  having  a  broad  and  highly  polished 
surface,  nearly  removes  all  traces  of  the  marks  produced  by  the  steel 
tools.  The  work  is  afterwards  gone  over  with  aJlnUhinff  tUme^  which 
18  of  the  finest  quality  of  blood-stone  that  can  be  procured. 

JEleetro'ffilt  Work  is  burnished  in  the  same  way  as  the  preceding, 
but  some  burnishers  prefer  using  vinegar  instead  of  soap-suds  for 
moistening  their  tools.  We  suggested  the  employment  of  weak  ale 
for  this  purpose,  and  the  workwomen  having  tried  it,  used  it  oon- 
utantly  with  much  satisfaction  at  our  own  works  for  many  years. 


CHAPTER  XXVIII. 
MATERIALS  USED  IN  ELECTRO-DEPOSITION. 

Acetate  of  Copper. — Acetate  of  Lead. — Acetic  Acid. — Aqua  Fortis. — Aqua 
Begia. — Bisulphide  of  Carbon. — Carbonate  of  Potash.-— Caustic  Potash. 
^Chloride  of  Gold. — Chloride  of  Platinumw— Chloride  of  Zinc— Cyanide 

of  Potassium.— Dipping  Acid.— Ferrocyanide  of  Potassium Hydrochloric 

Acid. — Liquid  Ammonia. — Mercury,  or  Quiclcsilver. — Muriatic  Add. 
—Nickel  Anodes. — Nickel  Salts.— Nitric  Acid. — Phosphorus. — Pickles. 
—  Plumbago.  —  Pyrophosphate  of  Soda.  —  Sal-ammoniac.  —  Sheffield 
Lime. — Solution  of  Phosphorus.— Sulphate  of  Copper. — Sulphate  of  Iron. 
— Sulphuric  Acid  — ^Trent  Sand. 

SiNOB  many  persona  enter  into  the  art  of  eleotro-deposition,  in  one  or 
other  of  its  numerous  branches,  who  have  not  the  advantage  of 
chemical  knowledge,  or  even  an  intimate  acquaintance  with  the  sub- 
atanoes  employed  in  the  various  proceflses,  a  brief  description  of  the 
chief  characteristics  of  some  of  the  more  important  materials  may 
prove  serviceable.  It  is  frequently  the  case,  too,  that  lads  who  have 
been  for  some  time  occupied  as  subordinate  assistants  in  the  plating 
room,  ultimately  succeed  to  more  responsible  positions,  and  in  their 
turn  become  practical  platers  ;  to  these  also  some  information  as  to 
the  nature  of  the  substances  used  in  the  art  may  prove  useful,  and 
tend  to  gfuard  tbem  against  error.  For  the  sake  of  easy  reference,  the 
various  materials  will  be  noticed  alphabetically. 

Acetate  off  Copper,  or  Cryiiallised  Verdigris. — ^This  beautiful  salt 
of  copper  is  in  dark  green  crystals,  which  are  soluble  in  water.  The 
common  verdigris  of  the  shops  is  in  the  form  of  a  powder,  or  soft 
lumps  of  a  bluish-green  colour,  and  is  insoluble  in  water ;  it  is,  how- 
ever, soluble  in  dilute  acetic  acid,  when  it  forms  the  same  solution  as 
that  produced  by  the  dissolved  crystalline  salt ;  being  richer  in  copper 
than  the  latter,  it  may  be  used  with  greater  economy  in  making  up 
oopper  solutions,  or  for  other  purposes  in  which  the  acetate  of  copper 
is  employed. 

Aoetate  off  X^ad,  or  Sugar  of  Lead. — This  is  a  crystalline  salt  having 
somewhat  the  resemblance  of  crushed  loaf  sugar.  The  pure  salt  is 
wholly  soluble  in  distilled  water,  but  the  ordinary  commercial  article 
frequently  produces  a  slightly  milky  solution,  which  may  be  rendered 
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dear  by  the  addition  of  a  small  quantity  of  acetic  or  pyroligneous 
acid.    This  salt  is  highly  poisonous. 

Ao«tlo  Aold.  The  Acid  of  Vinegar. — ^A  colourless  liquid,  having  a 
pungent  but  agreeable  odour.  The  carbonates  and  oxides  of  most 
bases,  as  those  of  the  metals  and  alkalies,  are  soluble  in  the  dilute 
acid,  forming  acetates^  as  acetate  of  copper,  acetate  of  soda,  &c.  Its 
usual  adulterant  is  water. 

Aqua  rortlfl.     See  mtrle  Add. 

Aqua  Begia,  mtro-bydrocblorle  Acid. —  This  acid  mixture, 
which  is  employed  for  dissolving  gold  and  platinum,  is  made  by  mixing 
from  two  to  tluree  parts  of  hydrochloric  acid,  to  one  part  nitric  acid, 
by  meaeure.  Since  aqua  regia  decomposes  spontaneously,  it  should 
only  be  prepared  when  it  is  required  for  use. 

Blsnlplilde  off  Oaxlion. — This  highly  volatile  and  inflammable  sub- 
stance must  be  kept  in  a  well-oorked  or  stoppered  bottle,  in  a  cool 
place,  and  its  vapour,  when  the  stopper  is  removed  from  the  bottle, 
must  not  be  allowed  to  approach  the  flame  of  a  candle  or  lamp,  other- 
wise it  may  take  fire  and  ig^te  the  contents  of  the  bottle,  even  at  a 
considerable  distance,  if  the  apartment  be  very  warm. 

Cazlwnate  off  Potaab,  Fearlash,  or  Salt  of  Tartar. — A  white  granular 
salt  employed  in  the  preparation  of  cyanide  of  potassium,  in  making 
brassing  and  coppering  solutions,  &c.  It  is  very  deliqueeeentf  that  is, 
absorbs  moisture  from  the  air,  and  should  therefore  be  preserved  in 
closely  stoppered  jars  or  bottles. 

Oanstlc  Fotaali. — ^The  ordinary  commercial  article,  used  for  clean- 
ing metal  work  to  be  coated  with  other  metals  by  electro-deposition, 
also  for  making  up  tinning  solutions  and  for  various  other  purposes 
connected  with  the  art,  is  the  substance  known  as  American  potash. 
This  article  is  in  the  form  of  hard,  brownish  lumps,  and  since  it 
readily  attracts  carbonic  acid  and  moisture  from  the  air,  it  must  be 
preserved  in  stone  jars,  dosed  by  a  well-fitting  bung.  Caustic  potash 
has  a  powerful  action  upon  the  skin,  and  must  not  therefore  be 
handled  carelessly ;  when  it  is  necessary  to  remove  one  or  more  lumps 
from  the  jar  in  which  it  is  kept  with  the  fingers,  this  should  be  done 
quickly,  and  the  hands  immediately  plunged  into  cold  water,  then  for 
a  moment  into  a  weak  acid  pickle,  and  again  rinsed.  A  small  pair  of 
spring  iron  tongs  should  be  used  for  taldng  up  lumps  of  this  caustic 
alkali. 

It  may  be  prepared  as  follows :  Reduce  to  a  powder  56  parts,  by 
weight,  of  fresh  lime,  by  slaking  with  water.  Make  a  cream  of  the 
powder  by  adding  sufficient  water  and  stirring  weU.  Now  dissolve 
138  parts  of  pearlash  in  hot  water,  and  add  the  cream  of  lime  to  the 
solution.  Boil  the  mixture  for  about  half  an  hour,  or  longer,  and 
then  allow  it  to  repose.    The  lime  will  deposit  in  the  form  of  carbonate 
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ofUme,  leaying  a  Btrong^  solution  of  caustic  potash,  which  maybe 
preserved  in  a  carboy  until  required  for  use. 

Ohlorid*  of  Oold. — ^The  preparation  of  this  substance  is  described 
in  the  Chapter  on  Gilding. 

Oliloiide  of  glatlnnm. — Small  fragments  of  platinum  are  placed  in 
a  glass  flask,  and  a  mixture  of  three  parts  hydrochloric  acid  and  one 
part  nitric  acid  (by  measure)  added ;  the  flask  is  then  to  be  placed  on 
a  sand  bath,  moderately  heated,  until  red  fumes  cease  to  appear  in  the 
upper  part  of  the  flask.  The  solution  is  next  poured  into  a  porcelain 
capsule,  or  evaporating  dish,  and  evaporated  to  near  dryness,  the 
vessel  being  moved  about  imtil  the  red  mass  formed  sets  into  a  solid 
condition.  It  may  then  be  dissolved  in  distilled  water,  and  bottled 
for  future  use. 

Ohlorlde  of  Zine. — Granulated  zinc  is  dissolved  in  hydrochloric 
acid ;  the  liquid  is  then  evaporated,  when  a  semi-solid  hydrated  mass 
results,  which,  by  continuing  the  heat,  becomes  anhydrous,  and  may 
be  poured  on  a  slab  to  solidify.  A  solution  of  zinc,  commonly  called 
« tinning  salt,"  which  is  much  used  in  soft  tolderingf  is  prepared  by 
pouring  muriatic  acid  upon  small  fragments  of  zinc,  when,  after  the 
effervescence  has  ceased,  the  solution  is  ready  for  use. 

Cyanide  of  PotaMtmn. — In  many  respects  this  may  be  considered 
the  most  important  substance  used  in  electro-deposition,  it  being  a 
powerful  solvent  of  metallic  oxides  and  salts.  The  ordinary  commer- 
cial article  is  of  exceedingly  variable  quality,  and  frequentiy  contains 
but  a  small  percentage  of  pure  cyanide.  Its  chief  adulterant  is  ear^ 
honate  ofpotashf  one  of  its  essential  constituents,  and  therefore  readily 
introduced  in  excess.  In  order  that  the  user  of  cyanide  of  potassium 
may  be  fully  acquainted  with  its  composition,  we  will  briefly  explain 
the  methods  of  preparing  it;  and  to  enable  him  to  determine  the 
true  value  of  the  commercial  article  which  may  fall  into  his  hands  in 
the  course  of  business,  we  will  describe  simple  methods  by  which  he 
may  estimate  the  proportion  of  true  cyanide  iy  any  given  sample. 
Knowledge  of  this  kind  is  of  the  utmost  importance  to  those  whose 
necessities  or  duty  may  require  them  to  make  up  solutions  of  the 
various  metals  in  which  cyanide  of  potassium  forms  a  necessary  con- 
stitueut. 

JPreparaiion  of  Cyanide  of  Potauium. — ^There  are  several  methods  of 
preparing  this  useful  salt,  but  the  process  recommended  by  Baron 
Liebig  is  usually  adopted,  and  is  conducted  as  follows :  8  parts  of 
f errooyanide  of  potassium  (yellow  prussiate  of  potash)  are  first  re- 
duced to  a  powder,  and  then  placed  in  a  shallow  iron  pan,  and  dried 
at  a  heat  not  exceeding  260°  Fahr.,  with  stirring,  until  perfectiy  dry. 
Hie  dry  powder  is  next  mixed  with  3  parts  of  dried  carbonate  of 
potash,  and  the  mixture  then  thrown  into  a  red-hot  crucible,  and  the 
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heat  kept  up,  with  occasional  stirring  with  an  iron  rod,  until  the 
whole  IB  fused ;  the  fusion  must  be  continued  untQ  the  product  appears 
perfectly  white  at  the  end  of  the  rod,  after  cooling.  The  crucible  is 
then  removed  from  the  fire,  the  contents  again  stirred,  and  after  a 
few  moments'  repose  the  liquid  salt  is  poured  into  a  clean,  cold,  and 
dry  iron  tray,  in  which  it  quiddy  sets  in  the  form  of  a  hard  cake, 
which  should  be  broken  in  lumps  while  still  warm.  While  pouring 
out  the  clear  fluid  salt,  care  must  be  taken  to  keep  back  the  sediment, 
which  is  chiefly  iron  in  a  finely  divided  state  (derived  from  the  ferro- 
cyanide).  The  sedimientary  matter  should  be  knocked  out  of  the 
crucible,  while  still  hot,  upon  a  separate  slab,  and  the  residue  of 
cyanide  which  is  attached  to  it  may  be  separated  by  dissolving  it  out 
with  water.  Cyanide,  thus  prepared,  contains  a  portion  of  eyanate  of 
potassium,  but  this  is  not  injurious  to  the  solutions  of  silver  or  other 
metals  in  which  cyanide  is  employed.  The  article  prepared  in  this 
way  represents  ordinary  commercial  cyanide  of  good  quality,  and  it 
win  be  readily  seen  (since  carbonate  of  potash  is  the  cheapest  ingre- 
dient) that  a  large  excess  of  this  salt  may  be  employed  without  in 
any  way  affecting  the  general  appearance  of  the  product ;  its  active- 
nees  as  a  solvent  of  metallic  oxides  and  salts,  however,  will  be 
diminished  in  proportion  to  its  excess  in  an  uncombined  state. 
Cyanide  carefully  prepared  by  the  foregoing  method  should  oontain 
from  70  to  75  per  cent,  of  pure  cyanide. 

A  pure  cyanide  is  obtained  by  the  following  process.  The  requiidte 
quantity  of  yellow  prussiate  of  potash,  of  good  quality,  is  powdered 
and  dried  as  before ;  an  iron  crucible,  having  a  lip,  is  then  made  red 
hot ;  a  small  quantity  of  the  powder  is  now  introduced  into  the  cru- 
cible, and  when  this  is  fused,  more  of  the  powder  is  added,  and  so  on, 
until  the  vessel  is  about  three  parts  filled ;  the  iron  lid  of  the  crucible 
must  be  put  on  after  each  addition  of  the  powdered  ferrocyanide. 
During  the  fusion  of  the  salt  there  is  a  free  evolution  of  gas,  and  the 
fusion  must  be  maintained  for  about  fifteen  minutes,  or  until  a  sample 
on  the  end  of  an  iron  rod  dipped  into  it  is  perfectiy  white  on  cooling. 
The  vessel  should  now  remain  undisturbed  for  a  few  minutes,  to  allow 
the  iron  and  other  impurities  to  subside.  The  dear  and  colourless 
fluid,  which  is  nearly  pure  cyanide  of  potassium,  is  now  to  be  poured 
upon  a  cold  iron  slab,  or  into  an  iron  pan,  and  the  black  sediment, 
which  still  retains  a  considerable  proportion  of  cyanide,  must  be 
scooped  out  of  the  crucible,  while  still  in  a  soft  and  pasty  condition, 
and  carefully  preserved  ;  the  cyanide  may  be  dissolved  from  this  resi- 
due whenever  the  salt  is  required  for  future  use. 

It  sometimes  happens  that  the  cyanide,  from  imperfect  settling 
while  in  a  fused  state,  assumes  a  g^y  shade  instead  of  being  purely 
white ;  this  is  of  no  consequence,  however,  since  the  small  proportion 
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of  insoluble  impurities  which  cause  this  greyness  will  readily  Bubside 
when  the  cyanide  is  dissolved  in  water  for  use.  To  prevent  the  for- 
mation of  cyanate  of  potassium  in  the  above  process,  some  persons  put 
a  few  small  pieces  of  charcoal,  and  also  a  little  powdered  charooaly 
into  the  crucible  before  the  ferrocyanide  is  thoroughly  fused.  The 
cyanide  obtained  by  this  method  usually  contaioB  about  96  per  cent, 
of  the  pure  salt.  This  process,  however,  is  not  so  economical  as  the 
one  previously  g^ven,  inasmuch  as  a  considerable  proportion  of  the 
oyanogfen  escapes  in  the  gaseous  state,  whereas,  when  the  ferrocyanide 
is  fused  with  carbonate  of  potash,  the  cyanogen  unites  with  the 
potassium  (the  base  of  this  salt),  and  carbonic  acid  is  liberated  instead. 

Chrey  Cyanide,  as  it  is  sometimes  called,  is  commercial  cyanide  from 
which  the  reduced  iron  has  not  been  perfectly  separated ;  this  article 
is  frequently  preferred  by  some  x>ersons,  since  it  is  supposed  to  contain 
a  smaller  excess  of  carbonate  of  potash  ;  it  has  generally  a  crystalline 
fracture,  when  broken,  while  cyanide  containing  a  larg^e  prepon- 
derance of  the  carbonate  is  of  a  more  homogeneous  structure. 

To  Determine  the  Active  Strength  of  Commercial  Cyanide, — ^The  follow- 
ing method  was  sugg^ested  by  the  late  Thornton  Herapath,  in  The 
Chemittt  vol.  iii.  p.  385 :  '*The  iirst  thing  to  be  done  in  testing 
cyanide  of  potassium  is  to  prepare  a  standard  solution  of  ammonio- 
sulphate  of  copper  or  ammonio-nitrate  of  copper.*  A  certain  known 
quantity  of  pure  crystallised  sulphate  of  copper,  made  by  crushing  the 
pure  crystals  of  the  shops  in  a  mortar,  and  pressing  tiie  powder  so 
obtained  between  folds  of  bibulous  paper,  is  taken  and  dissolved  in 
water.  The  solution  so  prepared  is  then  to  be  diluted  with  water  so 
as  to  measure  2,000,  3,000,  or  more  water  grain  measures  at  60** 
Fahr.  Supposing  390-62  grains  of  the  pure  sulphate  to  have  been 
taken  and  diluted  to  2,000  grain  measures,  every  100  grains  of  such 
solution  will,  of  course,  represent  5  grains  of  metallic  copper,  or  6*25 
grains  of  the  protoxide  of  copper ;  100  grains  of  each  of  the  samples 
of  cyanide  of  potassium  to  be  tested  are  then  dissolved  in  a  sufficient 
quantity  of  water,  and  introduced  iato  the  colorimeters ;  an  excess  of 
ammonia  is  added,  and  the  standard  solution  of  copper  is  added  (out 
of  a  graduated  burette),  to  the  contents  of  each  colorimeter  in  turn, 
until  a  faint  blue  coloration  makes  its  appearance  in  each  of  the 
solutions.  The  quantities  of  copper  or  of  the  solutions  taken  then 
indicate  the  relative  strength  and  money  value  of  the  samples  of  oya- 

*  AmmoniO'SulpJuite  of  copper  is  formed  by  adding  liquid  ammonia  to  a 
saturated  aolntion  of  the  sulphate  until  the  precipitate  at  first  produced  is 
rediflsolved,  when  a  rich  daiic  blue  solution  is  obtained.  A  mmonio-nitrate  of 
copper  is  produced  by  adding  ammonia  to  a  concentrated  solution  of  nitrate 
of  copper. 

FF 
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nide  examined.  Suppose,  for  instance,  one  specimen  took  lOO  measures, 
and  a  second  150  measures,  of  the  copper  solution,  the  relative 
strengths  and  values  of  such  specimens  are,  therefore,  as  100  to  150, 
or  2  to  3."  To  render  the  ahove  process  available  in  the  determina- 
tion of  the  actual  strength  of,  or  proportion  by  weight  of,  pure 
cyanide  of  potassium  existing  in  the  commercial  cyanides,  it  is  only 
necessary  to  procure  a  small  sample  of  pure  cyanide,  and  to  ascertain 
how  much  of  this  is  required  to  decolorise  i  grain  of  copper  in  the 
form  of  ammonio-nitrate. 

Another  method  of  determining  the  proportion  of  pure  cyanide  in  a 
given  sample  of  cyanide  of  potassium  is  that  proposed  by  Glassford 
and  Napier,  which  is  as  follows  :  Prepare  two  solutions,  one  of  cya- 
nide, and  another  of  nitrate  of  silver,  each  containing  known  weights 
of  the  respective  salts,  say  I  ounce  of  cyanide  dissolved  in  distilled 
water,  in  a  graduated  glass,  so  as  to  make  exactiy  six  ounces  of  solu- 
tion by  measure ;  then  dissolve  175  grains  of  crystallised  nitrate  of 
silver  in  about  three  ounces  of  distilled  water ;  add  the  cyanide  solu- 
tion gfradually  and  carefully  to  the  nitrate  solution,  stirring  continu- 
ally, until  the  precipitate  at  first  formed  is  all  dissolved  without  any 
excess  of  the  cyanide  solution.  The  amount  of  the  cyanide  solution 
required  to  effect  this,  with  the  above  quantity  of  nitrate  of  silver, 
will  have  contained  130  grains  of  pure  cyanide,  and  from  the  quantity 
used  may  be  calculated  the  amount  of  pure  cyanide  in  the  entire 
ounce.  The  authors  state  that  **  when  nitrate  of  silver  is  added  to  a 
solution  of  cyanide  of  potassium,  so  long  as  the  precipitate  formed  is 
all  redissolved,  we  obtain  the  whole  of  the  cyanide  of  potassium  in 
combination  with  the  silver ;  none  of  the  other  salts  in  solution  take 
any  part  in  the  action,  even  though  they  be  present  in  a  large  pro- 
portion. This  enables  us  to  test  the  exact  quantity  of  cyanide  of 
potassium  in  any  sample." 

A  very  simple  way  of  testing  commercial  cyanides  where  extreme 
accuracy  is  not  necessary  is  as  follows  :  Reduce  to  fine  powder  in  a 
mortar  about  half  an  ounce  of  pure  sulphate  of  copper ;  weigh  out 
100  grains  of  the  powder,  and  dissolve  (in  a  half-pint  vessel)  in  about 
two  ounces  of  water  ;  now  add  liquid  ammonia  of  sp.  gr.  *88o°  until 
the  precipitate  first  formed  is  all  dissolved.  Next  dissolve  I  ounce, 
troy  (480  grains),  in  about  8  ounces.of  water ;  pour  the  latter  solution 
into  a  tall  and  narrow  hydrometer  glass,  previously  graduated  by 
pasting  a  strip  of  paper  on  its  exterior  surface,  divided  into  ten  equal 
divisions,  and  these  again  accurately  subdivided  into  tenths;  the 
solution  must  be  diluted,  if  necessary,  until  it  exactiy  reaches  the  top 
Hne  or  zero  of  the  scale.  Suppose  we  wish  to  determine,  roughly, 
the  comparative  value  of  two  samples  of  cyanide  of  potassium,  we 
prepare  two  copper  solutions  as  above,  each  containing  100  grains  of 
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sulphate  of  copper,  and  difwolve  i  ounce  of  each  of  the  cyanide  sam- 
ples to  be  tested,  and,  taking  the  first  sample,  dissolved  and  poured 
into  the  graduated  glass  as  above,  we  pour  it  gradually  into  one  of 
the  copper  solutions,  stirring  after  each  addition,  until  the  blue  colour 
of  the  copper  solution  has  disappeared,  and  has  been  succeeded  by  a 
pinkish  tinge ;  the  cyanide  must  now  be  added,  drop  by  drop,  until 
the  pink  tint  disappears,  when  the  operation  is  complete.  Now  read 
off  the  balance  of  cyanide  solution  left,  and  make  a  note  of  it ;  and 
after  enaptying  the  vessel  and  rinsing  it,  introduce  the  solution  of  the 
second  sample  and  proceed  as  before,  and  when  the  decolorisation  of 
the  second  copper  solution  is  effected,  note  the  proportion  of  cyanide 
solution  which  has  been  exhausted,  and  compare  the  two  results. 

DippliiS  Aold. — ^This  name  is  given  to  a  mixture  of  nitric  and  sul- 
phuric acids  and  water,  with  sometimes  the  addition  of  a  little  hydro- 
chloric add,  nitrate  of  potash,  &c.  The  composition  of  various 
dipping  adds  is  given  in  another  part  of  the  work.  Fuming  nitric 
alone  is  frequently  used  for  dipping  articles  of  copper  and  brass, 
by  which  they  assume  a  bright  lustre  suitable  for  certain  classes  of 
work. 

Fewocyanlda  of  PotaMlniBy  or  Yellow  Frufsiate  of  Potash, — This 
useful  salt,  which  is  chiefly  used  in  the  preparation  of  cyanide  of 
potassium,  occurs  in  large  transparent  crystals  of  a  yellow  colour. 
The  crystals  must  be  powdered  and  dried  at  a  low  heat  before  being 
mixed  with  carbonate  of  potash,  for  the  preparation  of  cyanide. 

Bydroeblorie  JLeld,  or  Muriatie  Acid. — ^For  most  purposes  the  com- 
mercial acid  is  employed,  but  in  making  aqua  regia  for  dissolving 
gold  and  platinum,  the  pure  acid  should  by  preference  be  used. 

Bjrdsoeyaiilo  Add,  or  moole  Add. — ^This  volatile  and  highly 
poisonous  substanoe,  as  obtained  in  commerce,  is  in  reality  a  solution 
of  the  add  in  water  (hydrated  hydrocyanic  add).  The  strongest  form 
of  the  commercial  add,  known  as  SeheeWt  Acidj  contains  5  per  cent, 
of  real  add ;  the  dilute  add  of  the  London  Fharmaeoposia  is  intended 
to  contain  only  2  per  cent,  of  real  acid.  Even  in  its  diluted  forms,  it 
is  an  exceedingly  dang^erous  substance  to  inhale,  and  must  therefore 
be  used  with  tiie  utmost  caution.  Its  powerful  odour,  resembling  the 
flavour  of  the  bitter  almond  or  young  laurd  leaf  when  chewed, 
always  indicates  its  presence,  and  the  bottle  in  which  it  is  kept 
should  be  very  distinctly  labdled,  and  on  no  account  allowed  to 
approach  the  nostrils  when  the  stopper  is  withdrawn.  The  add  is 
affected  by  light,  and  should  therefore  be  kept  in  a  stone  bottLe, 
or  a  glass  bottle  covered  with  yellow  or  brown  paper,  and  in  a  cool 
place. 

Idqoid  Ammoma,  commonly  called  Ammoiria. — This  highly  vola- 
tile liquid,  which  consists  of  water  saturated  with  gaseous  anmionia. 
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should  have  a  speoifio  gravity  of  *88o.  It  is  nsiially  oontaizied  in 
Winchester  bottles,  which  must  be  handled  with  great  care,  since  the 
accidental  breaking  of  a  bottle  of  this  capacity  (about  }  a  gallon) 
might  involve  most  serious  consequences.  Ammonia  should  alwayt  be 
kept  in  a  cool  place ;  and  when  pouring  it  from  the  bottici  the  user 
should  take  care  to  stand  in  such  a  position  that  the  full  stream  of  its 
vapours  may  not  approach  his  nostrils. 

Mercury,  or  Qiilokaltv«r. — ^This  fluid  metal,  when  pure,  is  bril- 
liantly white,  and  from  this  circumstance  was  called  by  the  ancients 
argentum  vivum  and  quiekHlver.  It  emits  vapour  at  all  temperatures 
above  40^  Fahr.,  and  should  therefore  be  kept  in  a  dosed  bottle.  It 
is  entirely  volatilised  by  heat,  and  should  therefore  leave  no  residue 
when  evaporated  from  an  iron  spoon.  If  adulterated  with  lead,  and 
exposed  to  the  air,  it  becomes  covered  with  a  dull  film  of  oxide, 
whereas  if  it  remains  bright  after  such  exposure,  the  metal  may  be 
adjudged  pure,  since  mercury  in  its  pure  state  is  not  affected  by  ex- 
posure to  the  atmosphere. 

MnrUtlo  AeUL— Spirit  of  Salt.— See  Bjrdreolilorie  Add. 

Kolul  Anodes. — When  we  state  that  cast-nickel  anodes,  contain- 
ing about  5  or  6  per  cent,  of  added  iron  and  a  very  large  percentage 
of  carbon,  cost  about  fifteen  years  a.go  the  enormous  sum  of  168.  6d. 
per  pound,  and  that  almost  pure  anodes  of  nickel,  either  cast  or  rolled, 
may  now  be  obtained  for  3s.  per  pound,  the  reader  will  see  what  a  g^reat 
change  must  have  taken  place  to  bring  about  so  marvellous  a  difference 
in  the  price  of  an  artide  so  indispensable  to  the  nickel-plater.  At  the 
time  we  refer  to,  nickel  was  a  comparatively  scarce  commodity,  and 
was  chiefly  obtained  from  Bohemia  and  G«nnany .  Since  that  period, 
however,  nickel  ores  exceedingly  rich  in  this  metal  were  discovered  in 
the  French  Colony  of  New  Caledonia,  and  important  improvements 
have  taken  place  both  in  its  extraction  from  the  ore  and  in  its  purifica- 
tion from  the  crude  metal.  It  is,  indeed,  a  remarkable  fact  in  the 
history  of  the  electro-deposition  of  this  metal,  that  just  at  the  time 
when  nickel-plating  was  developing  into  an  important  industry, 
both  in  the  United  States  and  in  this  country,  New  Caledonia  should 
have  g^ven  up  her  long-hidden  treasures,  and  supplied  our  markets 
with  an  abundance  of  this  useful  metal. 

Wbile,  a  few  years  ag^,  even  east  pure  nickel  anodes  were  difficult 
to  procure,  we  are  now  able  to  obtain  rolled  nickel  of  any  convenient 
thickness — a  most  important  advantage  to  those  who  desire  to  embark 
in  nickel-plating  upon  a  small  scale.  To  Br.  Fleitmann  is  due  the 
credit  of  having  been  one  of  the  most  successful  in  this  direction,  and 
specimens  of  his  rolled  nickel  which  we  have  had  in  our  possession 
were  remarkable  for  their  purity  and  perfect  homogendty.  Being 
desirous  of  acquainting  our  readers  with  some  data  respecting  English 
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foiled  nickel,  we  commnnioated  with  Messrs.  H.  Wiggin  &  Co.,  who 
kindly  furoished  ns  with  the  following  particulars  concerning  this 
form  of  nickel  anode,  which  will  be  nseful  to  those  who  may  wish  to 
embark  in  the  art  of  nickel-plating.  The  advantages  claimed  for 
rolled  nickel  anodes  oyer  the  cast  metal  are : — * '  The  constant  and  steady 
way  in  which  they  giye  off  the  metal ;  they  neyer  become  soft  or  fall 
to  pieces  while  in  the  bath,  as  cast  anodes  do  ;  they  may  be  light  and 
thin  to  begin  with  (of  course  being  far  less  costly  in  consequence) ;  and 
they  last  a  very  long  time." 

mdm  Baita. — ^This  term  is  applied  to  the  donble  sulphate  of 
nickel  and  ammonium,  and  the  double  chloride  of  nickel  and  ammo- 
nium, from  which  nickel-plating  baths  are  nsoaUy  prepared.  The 
former  *' salts,"  howeyer,  are  generally  prefenred,  and  may  be  con- 
sidered the  best  for  all  practical  purposes  of  nickel-plating.  Nickel 
salts  are,  like  eyerything  else  in  commeroe  nowadays,  of  yery  yariable 
quality  and  price.  The  finest  product  we  haye  yet  seen  was  imported 
from  the  United  States  about  1877 — 78,  the  price  of  which,  however, 
was  very  high.  Since  that  period,  however,  itie  manufacture  of  these 
salts  has  greatly  progressed  in  this  country,  and  the  marvellous  reduc- 
tion in  the  cost  of  nickel  has  brought  the  selling  price  of  the  donble 
sulphate  of  nickel  and  ammonia  down  to  an  exceedingly  low  figure. 
In  reply  to  our  inquiry  upon  this  point,  Messrs.  H.  Wiggin  &  Co.,  the 
eminent  cobalt  and  nickel  refiners  of  Birmingham,  favoured  us  with 
the  following  quotations,  which  will  serve  as  a  gtdde  to  purchasers 
in  large  quantities.  Single  nickel  salts,  per  pound,  is.,  and  double 
nickel  salts,  9d.  When  we  state  that  seven  or  eight  years  ago  the 
price  of  these  salts  was  6s.  or  7s.  per  pound,  or  even  more,  it  will  be 
readQy  seen  what  a  remarkable  change  has  taken  place  in  so  short 
a  period  of  time  in  this  most  important  item  of  a  nickel-plating 
outfit. 

In  purchasing  nickel  salts,  great  care  is  necessary  to  avoid  procuring 
an  impure  article,  smce  this  would  involve  the  user  in  a  great  deal  of 
trouble,  either  by  yielding  a  deposit  of  a  bad  colour,  or  one  that  will 
not  firmly  adhere  to  the  work  coated  with  it.  The  double  salts  should 
be  in  large  jirismatic  crystals  of  a  fine  dark  green  colour,  and  perfectiy 
dry.  A  solution  of  the  salt  should  not  be  acid  to  litmus  paper.  The 
double  salt  consists  of  i  atom  of  sulphate  of  nickel,  i  atom  of  sulphate 
of  ammonia,  and  8  of  water.  When  the  commercial  article  is  of 
doubtful  quality,  it  may  be  improved  by  dissolving  it  in  hot  water, 
evaporating  the  liquor,  and  recrystallising. 

Mltrlc  Aetd. — Ordinary  commercial  nitric  add  has  usually  a 
dightiy  yellow  tinge,  but  the  pure  acid  is  colourless.  It  is  a  highly 
corrosive  add,  and  freely  acts  upon  the  skin,  producing  yellow  stains 
wherever  it  touches.    This  add  should  never  be  kept  in  a  eorked 
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bottle,  since  it  readily  acts  upon  this  sabetaaoe,  but  in  a  stoppered 
bottle,  and  in  a  oool  and  dark  place. 

TtkompharuMm — ^This  sabstanoe  mnst  be  preserved  under  ufater,  to 
prevent  it  from  coming  in  contact  with  tbe  air,  in  which,  even  by  a 
few  moments'  exposure,  it  is  liable  to  inflame.  The  sticks  of  phoe- 
phoms  should  be  kept  in  a  wide-mouthed,  stoppered  bottle,  Med  with 
water,  and  placed  in  a  dark  and  cool  cupboard.  It  should  not  be 
handled  in  the  fingers  nor  cut  in  the  open  air,  but  when  small  pieces 
are  required  for  use,  it  is  a  good  plan  to  thrust  the  point  of  a  pen- 
knife into  one  of  the  sticks,  carefully  withdraw  it  from  the  bottle,  and 
lay  it  in  a  small  dish  containing  sufficient  cold  water  to  cover  the 
lump.  The  required  piece  or  pieces  may  then  be  cut  from  the  stick, 
and  the  remainder  returned  to  the  bottle  by  thrusting  the  point  of  the 
knife  into  it  as  before. 

FleklM. — This  term  is  applied  to  dilute  solutions  of  the  mineral 
adds,  by  means  of  which  oxidation  is  removed  or  loosened  from  the 
surfaces  of  iron,  silver,  and  other  metals.  The  preparation  of  the 
various  pickles,  and  the  mode  of  using  them,  are  described  in  the 
treatment  of  various  articles  for  plating,  nickeling,  &o. 

Ftnmbacoy  or  Oraphitef  commonly  called  Black  Lead, — This  material, 
when  required  for  eleotrotyping  purposes,  should  be  of  the  very  best 
quality  procurable.  Its  powder  is  of  a  dead  black  colour  until 
rubbed,  when  it  acquires  a  bright  metallic  lustre.  It  is  commonly  the 
practice  to  improve  the  oonduddbility  of  this  substance,  for  electro- 
typing  purposes,  by  intermixing  metallic  bronze  powders,  as  copper 
and  tin  bronzes,  for  example,  or  by  g^ding  or  silvenng  the  plumbago 
powder.  The  former  is  accomplished  by  dissolving  i  part  of  chloride 
of  gold  in  loo  parts  of  sulphuric  ether ;  this  is  then  to  be  intimately 
mixed  with  50  parts  of  plumbago,  and  the  mixture  exposed  to  sun- 
light, being  frequently  stirred,  until  quite  dry.  It  is  Uien  applied  as 
ordinary  plumbago,  but  is  a  very  superior  conductor. 

Fyropboflpliato  of  Soda. — ^This  salt,  wbich  has  been  much  used, 
especially  in  France,  in  the  preparation  of  gilding  baths,  may  be 
readily  prepared  by  heating  common  phosphate  of  soda  to  redness  in 
a  crucible,  when  it  parts  with  its  waters  of  crystallisation,  and  becomes 
anhydrous  pyrophosphate.  Dissolved  in  hot  water  this  anhydrous  (that 
is,  free  from  water)  salt  3rields  permanent  crystals  on  cooling,  which 
contain  10  atoms  of  water.  These  crystals  are  not  so  soluble  as  the 
common  phosphate,  and  their  solution  precipitates  nitrate  of  silver 
white  (pyrophosphate  of  silver),  and  has  an  alkaline  reaction.  All  the 
insoluble  pyrophosphates,  including  that  of  silver,  are  soluble  to  a 
oertain  extent  in  the  solution  of  pyrophosphate  of  soda,  hence  the 
usefulness  of  tlus  salt  in  preparing  gfilding  solutions. 

Sal-Aiwaoalao,  or  Chlortde  of  Ammonium. — ^This  saUr  occurs  in  the 
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f  oim  of  oryBtallme  Imnpe,  which  being  exceedingly  tough,  are  more 
readily  broken  by  foroing  a  sharp  steel  point  through  the  mass  by 
means  of  a  hammer  than  by  the  ordinary  means  of  crashing  or  pul- 
yerising.  When  broken  into  small  fragments  in  the  way  indicated,  the 
salt  may  more  easily  be  reduced  to  a  more  or  less  powdery  condition. 

ghgffirtd  ZdnM. — ^Thifl  material,  which  is  preferred  by  brass  and 
nickel-plate  finishers  to  any  other  kind  of  lime,  is  obtained  from  the 
neighbonriiood  of  Sheffield,  from  whence  Ihe  limips  are  carefolly 
selected  and  transported  in  wooden  casks  to  London  and  other  parte 
of  the  kingdom.  The  lime  mnst  be  kept  rigidly  ezdaded  from  the 
air,  otherwise  it  attracts  carbonic  add,  forming  earboftaU  of  lime,  by 
which  it  loses  its  eutting  property  and  becomes  nseless.  Small 
qnantitieB  may  be  preserved  for  any  length  of  time  in  stone  jars, 
dosed  by  a  tight-fitting  bung,  but  for  larger  quantitiee  olive  jars  and 
grocers'  large  tin  canisters  have  been  used  with  advantage. 

flotation  of  VhomsikMruMf  or  Qreek  Fire. — ^This  preparation,  whidi 
consists  of  phosphorus  dissolved  in  bisulphide  of  carbon,  is  not  only 
highly  inflammable,  but  if  any  of  it  be  aoddentally  dropped  upon  the 
dothes  or  floor,  it  is  very  liable  to  take  fire  spontaneoudy.  It  should 
only  be  prepared  in  small  quantities,  and  the  bottle  in  which  it  is  kept 
should  be  partly  immersed  in  sand  in  an  earthenware  vessd,  covered 
with  a  metal  lid,  and  placed  in  a  cool  situation. 

flull^hata  of  Copp«r^  or  Blnestono. — It  is  of  the  greatest  impor- 
tance that  this  substance,  whether  employed  in  dectrotyping  or  for 
any  other  purpose  connected  with  dectro-depodtion,  diould  be  per- 
fectly pure.  The  pure  sulphate  occurs  in  ]arge  crystals  of  a  ridi  deep 
blue  colour.  If  there  be  any  green  salt  in  the  interstices  of  the 
crystals,  this  is  due  to  the  presence  of  sulphate  of  iron,  or  copperas, 
and  the  article  diould  therefore  be  rejected.  The  '*  bluestone  "  of  the 
shops  is  frequently  contaminated  with  copperas.  To  determine  the 
presence  of  iron  in  a  sample  of  sulphate  of  copper,  dissolve  a  small 
quantity  of  the  salt  in  distilled  water,  then  add  liquid  ammonia,  stir- 
ring with  a  glass  rod  until  the  predpitate  formed  becomes  entirdy 
dissolved.  iUlow  the  blue  liquid  thus  obtained  to  rest  for  a  short 
time,  then  pour  off  the  dear  liquor  and  add  distilled  water  to  the 
sediment ;  after  a  while  pour  off  the  water  and  add  a  littie  hydro- 
chloric acid  to  the  redduum ;  allow  the  acid  to  react  upon  the  depodt 
for  a  few  minutes,  then  pour  mto  the  acid  liquor  a  few  drops  of  a 
solution  of  ferrocyanide  of  potasdum,  when,  if  a  blue  colour  is  pro- 
duced (prussian  blue),  this  proves  the  existence  of  iron  in  the  original 
sample  of  sulphate  of  copper. 

flnlptiata  of  Iron,  Copperaty  or  Oreen  Vitriol. — ^A  bright  sea-green 
crystalline  salt,  readily  affected  by  exposure  to  the  air;  it  should 
therefore  be  kept  in  a  wdl-corked  bottle  or  jar.     The  cryRtals  diould 
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be  bright,  perfectly  dry,  and  free  from  red  or  brown  powder  (peroxide 
of  iron).  The  presence  of  this  powder,  however,  is  not  of  much  con- 
sequence, since,  being  insoluble  in  water,  it  will  readily  deposit  to  the 
bottom  of  the  vessel  when  the  crystals  have  been  dissolved. 

■nlj^iixlo  AAld,  or  Oil  of  Vitriol, — ^The  ordinary  commercial  add 
has  usnally  a  somewhat  brownish  tint,  owing  to  small  quantities  of 
straw  or  other  organic  matters  accidentally  falling  into  the  carboys  in 
which  it  is  conveyed.  The  pure  acid  is,  however,  colourless.  This  acid 
should  be  kept  in  a  perfectly  dry  situation,  since  it  attracts  moisture 
from  the  air ;  and  when  making  a  dilute  solution  of  the  add,  it  should 
be  added  gradually  to  the  water,  and  not  the  water  to  the  aeid,  since 
this  might  cause  the  mixture  to  explode  with  very  disastrous  results. 

Trwit  Sand. — 01aas  Oiitt«m'  Sand. — ^These  materials  are  used  by 
brass  polishers  in  the  earlier  stages  of  the  polishing  process,  to  remove 
file-marks  and  other  irregfularities  from  the  metal  work,  the  latter 
substance  being  used  for  artides  in  which  a  very  keen-cutting  material 
is  necessary. 


APPENDIX  (PART  I.)  ON  ELECTRO -PLATING. 

Electro-deposition  of  Platinum. — ^Platinising  Silver  Plates  for  Smee  Cells.— 
Electro-deposition  of  Iron. — Steel-facing  Copper  Plates. — Remarks  on 
the  Electro-deposition  of  Lead. — Coloration  and  Staining  Metals. — 
Oxidising  Copper  Snrfaces.— Electro-deposition  of  Alloys.~Test  for 
Free  Cyanide.— Antidotes  and  Remedies  in  Cases  of  Poisoning. 

Ill6et3ro-d«po«ltloa  off  Plattnum*  {Thoma*  iV00M<). — ^This  process, 
which  has  for  some  time  past  been  earned  oat  hy  the  Platinum- 
plating  Company,  has  for  its  object  the  ''  deposition  of  platinum  with 
greater  economy,  solidity,  and  greater  perfection  than  in  the  methods 
hitherto  adopted,"  and  the  inventor  claims,  as  an  advantage  over  all 
other  processes,  that  he  obtains  "  a  deposit  which  is  so  bright  that  it 
requires  no  subsequent  polishing*  This  feature  constitutes  in  itself  an 
important  advantage,  as  the  cost  of  polishing  is  entirely  abolished." 
In  the  preparation  of  his  bath  the  inyentor  prepares  a  solution  of 
ehloride  of  platinum  in  the  usual  way,  which  is  subsequently  rendered 
neutral  by  any  ordinary  method.  To  this  solution  of  platinum  he 
adds  a  weak  solution  of  common  phosphate  of  soda,  to  which  is  next 
added  a  weak  solution  of  phosphate  of  ammonia,  and  the  whole  are 
then  boiled  for  several  hours,  during  which  operation  a  solution  of 
chloride  of  sodium  is  added.  The  proportions  of  the  above  ingredients 
which  it  is  preferable  to  use  are  as  follows : — Chloride  of  platinum, 
I  ounce ;  phosphate  of  soda,  20  ounces ;  phosphate  of  ammonia, 
4  ounces ;  chloride  of  sodium,  i  ounce.  The  whole  of  the  ingre- 
dients may  be  varied,  but  the  proportions  given  have  been  found  to 
produce  good  results.  The  solution  may  be  worked  at  any  suitable 
temperature,  but  it  is  preferable  to  work  it  above  the  ordinary  tem- 
perature of  the  atmosphere.  A  strong  current  of  electricity  must 
be  employed,  and  the  cathode  should  be  kept  in  motion  while  the 
deposition  of  the  platinum  is  going  on.  The  same  bath  may  be 
used  for  a  considerable  time  by  adding  fresh  platinum  solution  and 
chloride  of  sodium  solution  as  required,  to  keep  up  the  original  strength 
of  the  bath.  When  it  is  desired  to  coat  surfaces  to  which  platinum 
will  not  adhere  directly,  they  must  be  first  coated  in  any  suitable 
manner  with  a  substance  to  which  platinum  will  adhere. 


*  See  also  p.  356,  at  8eq» 
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VlattalelnK. — ^This  name  is  applied  to  coating  thin  BOyer  foil  witli 
platinum,  in  the  form  of  a  Uaok  powder,  whereby  a  vast  number  of 
fine  points  are  produced,  which  facilitate  the  eecape  of  hydrogen  in 
the  Smee  battery.  This  ingeniouB  method  of  favouring  the  escape  of 
hydrogen,  instead  of  allowing  it  to  accumulate  on  the  surface  of  the 
iMittery  plates,  was  sugg^ested  by  Smee,  and  was  the  means  of  render- 
ing his  admirable  battery  one  of  the  most  useful  and  popular  yoltaio 
batteries  known.  To  platinise  silyer  plates  for  the  Smee  battery,  a 
solution  is  made  by  first  adding  to  the  necessary  quantity  of  cold 
water  one-tenth  part,  by  measure,  of  sulphuric  acid ;  after  mixing 
these  by  stirring  with  a  glass  rod,  add  crystals  of  chloride  of  platinum 
with  stirring,  until  the  liquid  asBumes  a  pals  yellow  colour;  it  is 
then  ready  for  use.  Several  Smee  cells  are  now  to  be  connected  in 
series,  and  a  couple  of  platinum  or  carbon  anodes,  attached  to  the 
positive  pole  of  the  compound  battery,  suspended  in  the  electrolysing 
cell.  The  sheet  of  silver  foil  to  be  platinised  should  have  a  copper 
wire  soldered  to  its  upper  end,  and  be  enclosed  in  a  frame  of  wood  ;  it 
is  then  to  be  connected  to  the  negative  pole,  and  suspended  between 
the  pair  of  platinum  or  carbon  plates;  all  being  now  ready,  the 
platinum  solution  is  to  be  poured  into  the  vessel  until  it  reaches  the 
upper  surface  of  the  silver  foil.  In  about  fifteen  or  twenty  minutes, 
the  silver  will  become  coated  with  a  deep  black  film  of  platinum  in  a 
finely  divided  state,  when  it  may  be  withdrawn  and  rinsed,  and  is 
then  ready  for  employment  as  the  negative  element  of  a  Smee  cell.  To 
prevent  the  exciting  fluid  of  the  battery  from  attacking  the  solder 
which  connects  the  wire  to  the  sQver,  this,  and  a  few  inches  of  the 
connecting  wire,  should  be  coated  with  sealing-wax  varnish. 

Vh«  Btoetro-dapoaitlon  of  bon. — But  little  fresh  information 
on  this  subject  has  been  published  which  forms  any  very  novel 
advance  on  the  details  given  on  pp.  348-353  of  this  volume.  The 
experiments  which  have  been  published  in  the  Appendix  of  the  1889 
Edition  of  this  work  by  Watt  aro  recorded  by  him  as  follows : — 

Since  the  publication  of  the  f  oimer  editions  of  this  work  the  author 
made  a  great  number  of  experiments  in  the  electrolysis  of  iron  salts, 
the  results  of  which  wero  recorded  in  the  EleetticianJ*  The  object  of 
these  experiments  was  to  ascertain  the  behaviour  of  solutions  of  the 
various  iron  salts  under  electrolytic  action,  with  a  view  to  assist  those 
who  are  engaged  in  depositing  iron  for  practical  purposes,  and  at  the 
same  time  to  furnish  the  student  with  information  which  might  prove 
useful  to  him  when  studying  this  branch  of  electro-deposition.  After 
having  tried  a  considerable  number  of  baths  prepared  from  various 

«  Electrician,  "Soy.  xxth  and  25tb,  Dec.  z6th  and  30th,  1887,  and  Jan. 
X5th,  1888. 
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salts  of  iron,  and  worked  at  different  degrees  of  strong'th,  it  was  found 
that  weaker  solutions  almost  invariably  yielded  more  uniform 
results  than  stronger  ones,  and  it  also  appeared  that  when  the  ircyn 
baths  were  so  adjusted  as  to  the  proportion  of  metal  per  gallon  d 
solution  that  the  anode  and  cathode  surfaces  required  to  be  about 
equal,  that  imder  such  conditions  the  most  fayourable  results  were 
obtained.  Of  the  many  solutions  tried,  those  given  below  were  found 
to  yield  the  most  uniform  and  satisfactory  results. 

Frotosulphate  of  Iron  Bath, — ^The  solution  was  prepared  from  re* 
crystallised  sulphate  of  iron,  in  the  proportion  of  4  ounces  of  the  salt 
per  g^on  of  water.  The  bath  was  first  tried  in  its  neutral  condition, 
with  electrodes  of  about  equal  surface,  and  the  current  from  a  single 
small  Daniell  cell,  but  as  the  deposit  upon  the  copper  receiving  plate 
was  of  a  rather  dark  colour,  a  few  drops  of  sulphuric  add  weEre  added, 
and  an  extra  cell  connected,  when  the  character  of  the  deposit  was 
greatly  improved.  A  third  cell  was  now  added — the  whole  being 
connected  in  series — ^when  the  subsequent  deposit  became  exceedingly 
white  and  bright,  which  character  was  maintained.  At  the  end  of 
about  a  couple  of  hours  the  c<)pper  plate  was  withdrawn  from  the 
bath,  when  its  brilliant  appearance  resembled  that  of  copper  which 
had  been  dipped  into  mercury.  The  iron  anode,  which  had  been 
freely  dissolved,  presented  a  perfectly  dean  surface. 

AmmoniO' Sulphate  of  Iron. — ^For  an  iron-plating  bath,  the  follow- 
ing proportions  were  found  to  g^ve  favourable  results:  ammonio- 
sulphate  of  iron,  10  ounces ;  water,  i  gallon.  To  this  solution  was 
gpradually  added  a  small  quantity  of  acetic  acid,  which  greatly 
unproved  the  character  of  the  deposit.  It  was  found  that  with  the 
current  from  2  small  Daniell  cells  in  series  a  solution  prepared  as 
above  gave  very  uniform  deposits  of  good  white  colour,  though  not 
quite  BO  bright  as  those  obtained  from  the  simple  protosalt. 

Citrate  of  Iron. — A  solution  of  this  salt  was  prepared  by  digesting 
recently  precipitated  carbonate  of  iron  in  a  moderately  strong  and  hot 
solution  of  citric  acid,  the  carbonate  being  added  a  little  at  a  time 
when  the  neutral  point  was  nearly  reached,  which  became  known  by 
the  liquid  remaining  turbid  after  the  last  addition  of  the  carbonate  had 
been  given.  A  moderate  excess  of  citric  acid  solution  was  then  added, 
when  the  liquid  at  once  became  clear.  The  solution  was  then  set 
aside  to  cool.  With  the  current  from  3  smaU  Daniells  in  series,  a  very 
white  and  perfectly  bright  film  was  instantly  obtained  upon  a  copper 
plate,  the  deposit  retaining  this  character  during  a  prolonged  immer- 
sion. The  anode  was  found  to  have  been  freely  and  uniformly 
dissolved.  The  iron  deposited  from  this  bath  was  exceedingly  white 
and  brilliant. 

Double  Sulphate  of  Iron  and  Potassa, — A  bath  was  prepared  from  a 
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mixed  solution  of  the  respeotiTe  salts,  the  iron  salt  being  somewhat  in 
excess,  say  about  4  onnoes  of  sulphate  of  iron  and  3  ounces  of  sul- 
phate of  potash  to  the  gullon  of  water.  With  the  current  from  3 
Darnells,  a  fine  white  and  very  bright  deposit  of  iron  was  obtained 
upon  a  copper  plate  immediately  after  immerBion,  and  the  deposition 
proceeded  yeiy  uniformly  for  about  half  an  hour,  when  the  film 
become  somewhat  streaky;  this  was  remedied,  howeyer,  by  adding 
moro  sulphate  of  potash.  After  this  latter  addition,  deposition  took 
place  very  freely,  and  the  anode  was  considerably  disBolved  in  the 
course  of  an  hour.  There  is  no  doubt  that  this  would  be  a  very  good 
working  bath  for  the  deposition  of  iron,  and  if  rendered  faintly  acid, 
it  appears  to  be  less  susceptible  of  oxidation  in  the  atmosphere  than 
the  ammonio-Bulphate  of  iron  solution. 

Penults  of  Iron, — It  had  always  been  held  by  experimentalists  that 
metallic  deposits  could  not  be  obtained  from  solutions  of  the  persalts 
of  iron ;  for  instance,  Gore  states  on  page  245  of  his  book  that 
"  solutions  of  persalts  of  iron  yield  no  metallic  deposit,  but  are  reduced 
to  protosalts  by  the  passage  of  an  electric  current.*'  The  incorrectness 
of  this  statement  the  author  fuUy  established  by  a  series  of  experi- 
ments with  the  persalts  of  iron,  &om  each  of  which  he  succeeded  in 
obtaining  deposits  of  metallic  iron— in  some  cases  in  a  perfectly 
reguline  condition.  Thus,  from  a  weak  solution  of  pernitrate  of  iron 
the  metal  deposited  in  a  highly  comminuted  condition  upon  the  cathode, 
being  in  the  form  of  a  black  gelatinous  mass,  which,  when  washed 
and  rapidly  dried,  was  found  to  be  highly  magnetic — ^iron  in  a  state  of 
yery  fine  diyision  in  fact.  From  a  solution  of  peroxalate  of  iron  a 
xeguline  deposit  of  iron  of  tolerably  g^ood  colour  was  obtained.  From 
a  weak  solution  of  perchloride  of  iron  (i  drachm  of  concentrated  solu- 
tion of  the  perchloride  to  3  ounces  of  water)  a  fairly  bright  deposit  of 
metallic  iron  was  obtained,  upon  a  copper  plate,  with  the  current 
from  5  BmaU  Daniells  in  series.  A  solution  of  persulphate  of  iron  in 
about  the  same  proportions  was  next  tried,  when  a  bright  deposit  of 
iron  at  once  took  place  at  the  comers  and  lower  edges  of  the  cathode, 
which  gradually  extended  upward  in  the  form  of  a  horseshoe,  which 
character  it  maintained  imtil  the  plate  was  withdrawn.  Deposits  of 
iron  were  also  obtained  from  solutions  of  the  following  persalts  of  iron, 
with  and  without  the  addition  of  other  substances:  sesquidtrate 
of  iron;  sesquicitrate  of  iron  and  acetate  of  soda;  persulphate  of 
iron  and  sulphate  of  potassa ;  pertartrato  of  iron ;  persulphate  of  iron 
and  sulphate  of  ammonium ;  persulphate  of  iron  and  sulphate  of  soda ; 
perphosphate  of  iron;  perlaotate  of  iron,  etc.  All  these  solutions 
were  used  in  an  extremely  dilute  state,  and  it  was  not  until  this  con- 
dition of  the  electrolyte  was  reached  that  the  metal  would  deposit  in  a 
reguline  form — if  at  all.    It  thus  became  eyident,  from  the  results 
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referred  to,  that  under  suitable  conditions  of  the  electrolyte  persalts 
of  iron  will  yield  up  their  metal,  and  that  if  such  results  had  hitherto 
been  unattainable,  it  is  clear  that  such  necessary  conditions  had  not 
been  fulfilled  by  those  who  had  preyiously  experimented  with  these 
salts. 

Bfl-tsbeing  Copp«r  Plates. — A  Tery  good  solution  for  coating 
copper  plates  with  iron— commonly  termed  aieel-fadng — ^may  be  pre« 
pared  by  the  battery  process  as  follows : — ^The  depositing  yessel  to  be 
used  for  coating  the  plates  is  to  be  nearly  filled  with  water,  in  which 
is  to  be  dissolved  sal-ammoniac,  in  the  proportion  of  i  part  by  weight 
of  the  latter  to  10  parts  by  weight  of  the  former,  that  is  i  lb.  of  the 
salt  to  each  gallon  of  water  used  to  make  up  the  bath.  A  stout  plate 
of  sheet  iron,  previously  pickled,  scoured,  and  rinsed,  is  to  be  connected 
to  the  positive  electrode  of  a  battery,  and  immersed  in  the  solution : 
a  second  plate  of  iron,  about  half  the  size  of  the  former,  and  also 
rendered  perfectiy  dean  and  bright,  is  to  be  connected  to  the  negative 
pole  of  the  batteiy,  and  suspended  at  a  short  distance  from  the  anode, 
or  larger  plate.  The  battery  is  allowed  to  continue  in  action  for  two 
or  three  days,  at  the  end  of  which  time  the  iron  cathode  may  be 
removed,  and  a  strip  of  clean  brass  or  copper  suspended  in  its  place, 
when,  after  a  short  immersion,  this  should  become  coated  with  a  bright 
deposit  of  iron,  provided  that  the  solution  has  acquired  a  snfiSdent 
quantity  of  this  metal  during  the  eleottolytio  action.  If  such  is  not 
the  ease,  the  iron  cathode  must  be  again  immersed,  and  the  action 
kept  up  until  a  brass  or  copper  plate  promptiy  receives  a  coating  of 
iron.  When  the  bath  is  found  to  deposit  iron  freely,  the  copper  x>late 
to  be  faced  with  iron  is  to  be  connected  to  the  negative  pole  and  im- 
mersed in  the  bath,  where  it  is  allowed  to  remain  until  sufficiently  coated. 
A  bright  deposit  of  iron  should  appear  upon  the  plate  immediately 
after  immersion,  and  the  plate  should  become  quickly  coated  all  over 
if  the  bath  is  in  proper  condition  and  a  suitable  current  employed.  If, 
after  the  copper  plate  has  been  in  the  bath  a  short  time,  tiie  edges 
assume  a  blackish  appearance,  it  must  be  at  once  withdrawn,  and 
well  rinsed  with  clean  water,  and  this  is  most  effectually  done  by 
holding  the  plate  under  a  running  stream  delivered  from  a  flexible 
tube  connected  to  a  water  tap.  The  plate  must  then  be  quickly  dried, 
and  afterwards  washed  over  with  spirit  of  turpentine ;  it  is  then  ready 
to  be  printed  from. 

The  following  information  upon  the  electro-deposition  of  iron  has 
been  more  recentiy  published : — ^F.  Haber  {Zettsehrift  fur  £lektroeAemtef 
4  pp.,  410-413,  1898)  gives  a  description  of  the  iron  stereotype  plates 
from  which  the  notes  of  the  Austro-Hung^aiian  Bank  are  printed.  The 
metal  is  deposited  by  a  very  feeble  current  (sie)  from  a  solution  of 
ferrous  and  magnesium  sulphates.    It  contains  about  twelve  times  its 
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volume  of  hydrogen,  and  this  peculiarity  is  discussed  at  leng^  in  the 
orig^al  paper.      This  abstract   is  from  Science   Abetructe,   yoL    I, 

P-  350. 

A  paper  appearing  in  VInduetrie  Electro-ehimiqtte^  toI.  7,  pp.  20 — 

21,  1898,  and  abstracted  in  Science  Abstracts,  vol.  I,  p.  436,  states  the 
electrolysis  of  iron -salts  has  hitherto  been  made  use  of  for  either  the 
preparation  of  iron  in  the  form  of  powder,  or  for  the  sti^engthening  of 
stereotype  plates  or  for  the  steel  facing  {aderage)  of  small  articles. 
Aooor^g  to  the  conditions  the  metal  may  easily  be  obtained  in  a  pulver- 
ulent form  or  as  dense  and  hard  as  tempered  steel.  The  dense  product 
contains  a  large  amount  of  occluded  hydrogen,  sometimes  as  much  as 
200  times  ite  volume.  For  the  production  of  the  powder,  the  use  of 
citrate  or  oxalate  of  iron  is  to  be  preferred  ;  but  the  regulation  of  the 
current  density  is  the  most  essential  point  to  be  observed.  For  the 
production  of  dense  coherent  deposite,  sulphate  of  iron  is  almost  always 
used.  Themetal  deposited  from  solutions  of  the  chloride  has  a  tendency 
to  oxidise  rapidly,  and  the  presence  of  chlorides  should  therefore  be 
avoided.  The  solution  of  the  sulphate  should  be  neutral,  and  according 
to  the  majority  of  the  various  modes  of  procedure  is  mixed  with  a 
certain  proportion  of  sulphate  of  ammonium,  sulphate  of  sodium,  or 
sulphate  of  magnesium.  Sometimes  the  iron  deposited  is  afterwards 
oxidised,  and  a  fine  bluish-black  layer  of  magnetic  oxide  obtained,  which 
is  nearly  as  haid  as  iron.  In  all  cases  anodes  of  iron  are  employed  of  the 
same  dimensions  as  the  cathodes ;  the  onirent  density  varies  from  1*4 
to  4*2  amperes  per  square  foot  of  cathode  surface,  and  the  preesnze 
required  at  this  current  density  is  from  i  to  1*3  volts. 

Sir  William  0.  Roberts- Austen  recently  showed,  at  the  Boyal  Mint, 
some  very  beautiful  electrotypes  in  steel  (so  called)  of  designs  for 
medals,  which  had  a  diameter  of  about  eight  inches  and  were  in  high 
relief.  The  surface  of  this  electrotype  iron  was  of  a  blight  steel  grey 
colour,  and  was  stated  to  show  an  exceptionally  satisfactory  resistance 
to  rusting  action.  The  thickneas  of  the  iron  deposit  was  about  a  tenth  of 
an  mch,  and  it  was  backed  up  with  about  a  sixth  of  an  inch  of  electro- 
deposited  copper.  The  thickness  of  the  iron  deposit  could,  however, 
be  increased  by  any  desired  amount.  The  importance  of  this  applica- 
tion of  electro-depotdted  iron  lies  in  the  fact  that  the  surface  is  vety 
hard  and,  therefore,  withstands  in  a  particularly  satisfactory  manner 
the  movement  of  the  style  of  the  reducing  machine  over  its  surface, 
without  wearing,  when  small  sized  copies  axe  being  produced  from  it. 

W^marka  on  tlie  Bl«otro-d«!poaltioa  of  Ii#ad. — ^Having  made  a 
long  series  of  experiments  in  tbe  deposition  of  lead  from  the  solutions  of 
ite  various  salts,*  the  author  is  enabled  to  give  the  details  of  a  few 

*  Vide  Electrical  Beview,  April  6th,  X3th  and  27th,  1888. 
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xesnlts  which  may  possibly  be  useful  to  the  practical  operator.    Of  the 
numerous  lead  salts  from  which  solutions  were  prepared  for  the  pur- 
poses of  his  ezperiments,  the  following  were  found  to  yield  the  most 
satisfactory  results :  the  tartrate  of  lead ;  the  same  prepared  by  elec- 
trolysis,  and  phosphate  of  lead  dissolved  in  caustic  potassa.    The  tar- 
trate of  lead  bath  was  prepared  by  digesting  recently-precipitated,  and 
moist,  hydrated  protoxide  of  lead  in  a  strong  and  hot  solution  of  tar- 
taric add,  in  which  the  oxide  dissolved  very  freely.    The  solution  was 
then  allowed  to  cool  and  the  dear  liquor  afterwards  poured  off  and 
moderatdy  diluted  with  water*    With  the  current  from  two  small 
DanieU  cells,  in  series,  and  a  sheet  lead  anode,  a  bran  plate  recdved  a 
prompt  and  bright  depodt  of  lead,  of  good  colour,  and  it  was  noticed 
that  no  hydrogen  was  given  ofiE  at  the  cathode.    The  film  of  depodted 
metal  continued  bright  for  a  oondderable  time,  and  maintained  a  per- 
fectly uniform  and  reguline  diaracter,  while  being  also  firmly  adhe- 
rent.   It  was  also  observed  that  the  lead  anode,  whidi  kept  dean 
and  bright,  had  been  fredy  acted  upon  during  the  electrolytic  action. 
In  this  solution,  brass,  copper,  and  sted  were  rapidly  coated  with 
lead,  which  firmly  adhered  to  the   zespeotive  metals.    In  order  to 
determine  whether  the  solvent  action  of  tartaric  add,  imder  the  influ- 
enoe  of  the  current,  was  sufficient  to  maintain  the  tartrate  bath  in  a 
uniform  condition,  the  following  method  was  tried.    A  strong  solution 
of  tartaric  add  was  first  prepared,  in  which  was  placed  a  dieet  lead 
anode,  and  a  brass  cathode,  the  current  from  two  Daniells,  as  before, 
being  used.    Shortly  after  the  respective  dectrodes  had  been  immersed, 
hydrogen  bubbles  appeared  all  over  the  surface  of  the  negative  plate, 
from  which  they  had  little  dispodtion  to  remove  until  the  plate  was 
briskly  shaken  in  the  bath.    In  about  half  an  hour  a  bright  film  of 
lead  formed  upon  the  negative  plate,  at  which  period  it  was  observed 
that  the  hydrogen  bubbles  ceased  to  be  evolved  at  its  surface.    Since 
only  one-half  of  the  brass  plate  had  been  immersed  in  the  add 
liquor  up  to  this  period,  the  remaining  portion  of  the  plate  was  now 
lowered  into  the  bath  to  ascertain  whether  the  hydrogen  would  again 
show  upon  the  brass  surface  only,  and  not  upon  the  lead-coated  half 
of  the  plate,  and  sudi  actually  proved  to  be  the  case,  for  while  the 
brass  surface  instantly  became  covered  with  gas  bubbles,  the  lead  coat- 
ing was  entirely  free  from  them.    It  thus  became  evident  that  when 
forming  a  lead  bath  by  electrolysis,  from  a  solution  of  tartaric  add, 
that  both  electrodes  should  be  of  lead,  or  that  the  negative  plate  should 
first  be  coated  with  a  film  of  that  metal.    Haviog  first  determined  the 
solubility  of  lead  in  the  tartaric  add,  under  the  influence  of  the  cur- 
rent, it  became  still  more  apparent  that  the  tartrate  of  lead  could  be 
employed  with  advantage  in  the  preparation  of  a  lead-depodting  bath, 
and  there  is  littie  doubt  that  a  solution  of  this  salt,  of  moderate 
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Btrengfihy  if  worked  witih  a  feeble  omrent,  is  very  sciiiable  for  i2ie 
eleotzo-deposition  of  this  metal.  It  was  notioed,  however,  that  the 
deposited  metal  had  no  disposition  to  assmne  the  oiystalline  or  spongy 
form  in  the  foregoing  solutions,  which  is  too  commonly  the  case  with 
most  solutions  of  lead  salts. 

FhoaphaU  of  Lead  in  Caustie  Potasta, — ^A  bath  was  prspaied  from 
this  combination  as  follows  : — ^A  quantity  of  chloride  of  lead  was  first 
obtained  by  adding  a  strong  solution  of  common  salt  to  one  of  nitrate 
of  lead,  the  resulting  precipitate  being  afterwards  well  washed  with 
cold  water.  The  precipitate  was  next  dissolTed  in  boiling  water,  and 
to  this  solution  was  added  cautiously,  so  as  to  avoid  excess — as  reoom« 
mended  by  Mitscherlioh,  to  present  the  formation  of  a  subphosphate— 
a  hot  solution  of  phosphate  of  soda.  The  white  precipitate  of  phos- 
phate of  lead  thus  formed  was  next  washed  repeatedly  with  cold  water, 
asid  a  strong  solution  of  caustic  potash  then  gradually  introduced  until 
the  phosphate  was  entirely  dissolyed.  The  concentrated  solution  was 
next  diluted  with  about  eight  volumes  of  water,  and  electrolysed 
with  the  current  from  a  single  small  Baniell  cell,  when  on  iTnTn^miTiy 
»  dean  brass  plate  as  a  cathode,  this  at  once  became  coated  with 
a  bright  film  of  lead,  but  after  a  few  seconds'  immersion  the  deposit 
assumed  a  dull  appearance,  while  there  was  a  copiona  evolution  of 
hydrogen  at  the  negative  plate.  To  check  this,  the  liquid  was  still 
farther  diluted  by  the  addition  of  nearly  an  equal  bulk  of  water,  after 
which  the  subsequent  deposits  retained  their  brightness  for  a  long 
period,  while  the  anode  exhibited  a  perfectly  clean  surface.  The 
metal  deposited  from  this  bath  adhered  very  fizmly  to  the  cathode, 
and  there  was  very  little  disposition  to  sponginess — a  veiy  common 
charaoteristao  of  electro-deposited  lead. 

Coloratloa  and  Btalnias  of  Metals. — ^In  the  finishing  of  ornamen- 
tal brass  work,  metal  buttons,  and  various  kinds  of  fancy  metal  goods, 
it  is  often  necessary  to  produce  certain  artificial  effects  of  colour  or 
tone,  to  render  the  work  attractive  to  the  public  eye.  These  effects  are 
produced  by  several  well-known  means,  but  modifications  are  con- 
stantly sought  for,  with  a  view  to  giving  variety  to  manufactured 
articles.  Erom  some  experiments  which  the  author  tried  in  this  direc- 
tion some  time  ago  he  is  now  enabled  to  suggest  one  or  two  processes 
which  may  be  found  useful  to  persons  engaged  in  the  various  branches 
of  trade  in  which  metal-colouiing  and  staining  are  necessary  operations 
in  the  workshop.  The  processes  to  which  attention  is  now  called  may 
be  best  treated  under  separate  headings,  since  they  are  each  applicable  '4 

to  different  branches  of  trade. 

Colouring  Nickel-plated  Work.-^Some  experiments  in  the  production 
of  prismatic  colours,  called  metalio-'chromee,  upon  steel  and  platinum 
surfaces,  have  been  mentioned  at  p.  368. 
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In  those  experiments  it  was  the  writer's  desire  to  obtain  sbnilar 
effects  upon  polished  nickel-plated  surfaces,  beHering  that  the  oolora* 
turns  would  show  more  effectively  upon  the  white  smf ace  of  nickel* 
plated  brass  than  npon  steel,  while  at  the  same  time  the  process  could 
be  applied  to  fancy  articles  which  could  not  be  conveniently  made 
from  the  latter  metal.  In  carrying  out  the  experiments  a  series  of 
polished  brass  plates,  well  nickel-plated,  wero  employed.  A  nearly 
saturated  solution  of  acetate  of  lead  was  next  made  and  carefully 
filtered.  Three  small  Daniell  cells,  in  series,  were  used  for  the 
current,  to  the  positive  pole  of  which  one  of  the  nickel  plates  was 
attached,  and  then  laid  upon  the  bottom  of  a  flat  dish.  The  filtered 
acetate  solution  was  next  poured  into  the  dish  until  the  plate  became 
immersed  to  the  depth  of  about  half  an  inch.  The  end  of  the  negative 
wire  of  the  battery  was  now  brought  as  close  to  the  plate  as  possible 
without  touching,  and  there  held  steadily,  when  in  a  few  seconds  the 
coloration  commenced,  in  form  of  the  familiar  ring,  and  quickly  ex- 
tended in  a  series  of  brilliant  iridescent  circles.  Pieces  of  thin  copper 
wire,  formed  into  various  designs,  as  a  cross,  an  anchor,  a  star,  etc., 
were  subsequently  used,  by  which  very  varied  and  pleasing  effects 
were  obtained,  which  looked  exceedingly  effective  in  the  nickel-plated 
surface  more  especially  when  a  sheet  of  white  paper  was  reflected 
upon  it.  To  render  metallo-chromy  practically  applicable  to  nickel- 
plated  articles  of  ornament,  there  are  several  points  that  must  be 
considered:  the  coating  of  nickel  must  be  something  more  than  a 
mere  film,  otherwise,  when  placed  in  the  acetate  of  lead  bath,  voltaic 
action  will  set  up  between  the  niclcel  film  and  the  underlying  brass 
surface,  and  the  nickel  will  peel  off ;  a  fair  coating  of  nickel  there- 
fore is  absolutely  essential.  The  process,  moreover,  is  only  effectual 
on  plane  surfaces.  In  producing  the  colorations  care  must  be  taken 
not  to  suffer  the  particles  of  spongy  lead,  which  deposit  upon  tho 
end  of  the  negative  wire,  to  fall  upon  the  plate,  otherwise  they  will 
cause  a  series  of  white  spots,  by  preventing  the  formation  of  peroxide 
upon  the  surface  beneath  them.  It  is  also  important  to  prevent  dust 
or  particles  of  any  kind  from  depositing  upon  the  plate  during  the 
operation.  After  the  bath  has  been  worked  for  some  time  it  naturally 
becomes  add,  therefore  when  in  this  condition  the  articles  should  be 
quickly  removed  when  the  desired  effect  is  obtained,  and  at  once 
plunged  into  clean  water,  for  if  allowed  to  remain  in  the  acid  bath 
the  peroxide  film  will  rapidly  dissolve.  When  the  bath  has  beoome 
slightly  add  it  is  better  to  pour  it  into  a  bottle  containing  a  HtUe 
carbonate  or  oxide  of  lead,  and  shake  it  frequently,  when,  after  an 
hour  or  so,  it  may  be  filtered  and  again  used.  The  end  of  the  nega- 
tive wire  should  be  dipped  into  water  and  the  deposit  of  lead  which 
attaches  brunhed  off,  after  each  design  has  been  produced,  by  doing 
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which  the  chances  of  particles  falling  upon  the  plate  are  gre&Hj 
diminished. 

When  electrolysing  a  series  of  solutions  of  lead  salts  recently,  the 
author  noticed  some  very  interesting  varieties  of  peroxide  of  lead, 
which  formed  upon  the  various  anodes  employed,  and  which  it  will 
not  be  out  of  place  to  mention  here.  When  electrolysing  a  colution  of 
the  basic  nitrate  of  lead  with  a  platinum  anode,  the  current  from 
three  small  Daniells,  in  series,  being  used,  a  yellow  deposit  of  peroxide 
of  lead  was  at  first  formed  upon  its  surface,  which  was  quickly  followed 
by  a  superb  iridescent  film  on  each  side  of  the  plate.  After  about  a 
minute,  two  rainbow  bands  appeared  upon  the  upper  part  of  the  anode, 
while  the  remaining  immersed  surface  assumed,  first,  a  deep  crimson 
colour,  which  gp:adually  changed  to  purple.  The  film  was  found  to 
be  very  adherent.  In  a  solution  of  sulphate  of  lead  in  caustic  pot- 
ash, platinum  and  steel  anodes  received  a  golden  yellow  film,  wliichi 
even  after  a  prolonged  immersion,  did  not  undergo  any  change  of 
colour.  In  a  solution  of  lactate  of  lead,  a  platinum  anode  at  first  be- 
came coated  with  a  golden  yellow  film,  which  was  succeeded  by  a  steel 
grey  at  the  lower  part  of  the  plate ;  in  a  few  seconds  a  deep  orango 
colour  began  to  appear  at  the  lower  comers,  followed  by  the  primary 
colours  in  succesKion,  which  rapidly  blended  as  in  a  prism,  producing* 
a  remarkably  fine  effect,  which  could  be  modified  at  will  by  increasing 
or  diminishing  the  cathode  surface.  In  a  solution  of  sulphocyanide  of 
lead  a  platinum  anode  received  a  rich  golden  yellow  film,  which  was 
sustained  without  further  modification  in  colour  during  long  immer- 
sion. In  a  moderately  strong  solution  of  nitrate  of  lead  a  very  brilliant 
iridescent  film  was  produced  upon  a  platinum  anode  instantaneously ; 
when  the  same  solution  was  considerably  diluted  with  water,  and  a 
small  cathode  surface  only  immersed,  these  effects  were  still  more 
striking  through  developing  more  g^radually.  In  a  solution  of  pyro* 
phosphate  of  lead  a  golden  yellow  film  only  was  obtained  upon  a 
platinum  anode.  A  solution  of  salicylate  of  lead  yielded  a  precisely 
similar  result.  In  a  solution  of  the  benzoate  of  lead  a  pale  yellow 
colour  was  first  produced  upon  a  platinum  plate,  but  this  was  soon 
succeeded  by  orange,  then  deep  orange,  followed  by  a  slight  tendency 
to  iridescence.  When  the  plate,  while  still  wet,  was  rubbed  with  the 
finger,  the  prismatic  colours  at  once  appeared. 

Colour  in//  or  Stainirig  of  Brass  Surfaces. — To  give  a  black  stain  to 
brass,  a  solution  of  chloride  of  platinum  is  usually  employed,  but  since 
the  platinum  salt  is  an  expensive  one,  its  employment  would  necessarily 
be  restricted  to  work  of  a  special  character,  or  to  articles  of  a  superior 
quality.  With  a  view  to  obtain  a  black  colour,  which  would  be 
applicable  to  large  pieces  of  brass  work,  and  at  the  same  time  be  less 
f'ostly  than  the  platinum  salt,  the  author  made  a  series  of  experiments, 
tlie  results  of  which  n  ay,  it  is  hoped,  be  found  useful  in  a  practical 
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seDse.    Bjing  aware  that  bra88  was  far  more  difficult  to  ftaiu,  us  it  is 
ti^ined,  than  copper,  the   following  method  was  adopted  to  g^ve  the 
effect  of  a  black  stain  upon  brass  work,  as  also  varying  shades  of 
brown  from  a  warm  chocolate  colour  to  a  deep  sepia  tone.     Having 
tried  many  different  substances,  and  solutions  of  various  degrees  of 
concentration,  the  process  given  bellow  was  finally  hit  upon,  and  the 
results  obtained  were  exceedingly  satinfartory,  both  from  an  artistic, 
and  economical  point  of  view.     Knowing  that  the  black  deposit,  or 
staifty  as  it  is  improperly  termed,  which  is  produced  upon  brass — more 
especially  by  optical  instrument  makers — is  very  easily  rubbed  off,  it 
was  determined,  if  possible,   to  obtain  a  firm  adherent  film  which 
would  resist  ordinary  rough  usage,  so  that  the  staining  process  would 
be  applicable  to  ornamental  brass  of  all  kinds,  but  specially  so  for 
chandelier  work.     Since  these  results  could  not  be  obtained  upon  brass 
direct,  it  was  resolved  to  first  give  the  brass  work  operated  upon  a 
slight  coating  of  copper^  in  the  sulphate  of  copper  bath,  and  to  take 
advantage  of  the  ready  susceptibility  of  this  metal  to  become  stained 
by  means  of  solutions  of  alkaline  sulphides.     To  carry  out  this  plan, 
the  following  routine  was  adopted  : — The  brass  article,  after  being 
dipped  in  the  ondinary  dippiDg-acid  and  well  rinsed,  was  immersed  in 
a  sulphate  of  copper  bath  composed  of  i  pound  of  sulphate  of  copper 
diKHolved  in  I  gallon  of  water,  to  which  was  added  I  pound  of  sul- 
phuric acid.     In  from  five  to  ten  minutes,  with  the  current  from  a 
Daniell  cell,  the  deposit  of  copper  was  sufficiently  thick  for  the  purpose 
intended,  when  the  article  was  removed  from  the  bath  and  plunged 
into  boiling  water,  the  object  being  to  allow  it  to  dry  spontaneously. 
A  solution  of  sulphide  of  barium  (5   grains  of  the  sulphide  to  each 
ounce  of  water)  was  next  poured  into  a  deep  vessel,  and  the  coppered 
brass  article,  being  held  by  its  suspending  wire,  was  immersed  in  the 
liquor,  when  it  at  once  assumed  a  light  brown  tone,  which  gradually 
deepened,  until,  after  a  few  moments'  immersion,  the  surface  acquired 
an  intense  but  brilliant  black.     The  article  was  then  withdrawn  and 
plunged  into  hot  water,  then  into  boiling  water,  and  afterwards  set 
aside  to  dry  spontaneously,  which  occupied  but  a  few  moments.     The 
black  film  thus  obtained  was  firmly  adherent,  and  when  the  smooth 
surfaces  were  rubbed  with  a  clean  chamois  leather  they  soon  acquired 
a  brilliant  polish.     Other  articles  of  various  forms  were  .»«ub8equently 
treated  in  the  same  way,  and  when  it  was  desired  to  give  a  chocolate 
brown  tone  to  the  piece  of  work,  it  was  simply  immersed  in  the  sul- 
phide bath  for  about  half  a  minute  or  so,  when  a  very  pleasing  brown 
tone  was  produced,  possessing  quite  a  metallic  lustre.    Solutions  of  the 
sulphides  of  ammonium,   potassium    and    sodium  respectively  were 
also  tried,  but  in  some  respects  the  barium  sulphide  is  to  be  preferred. 
It  was  next  resolved  to  treat  a  specimen  of  omameutal  brasswork  in 
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the  following  way.  The  bright  surf aoes,  or  parts  which  were  to  be 
bainished  and  remain  yellow,  were  coated  with  a  film  of  para£3n,  to 
prevent  the  copper  from  being  deposited  upon  snoh  parts.  The  pieoe 
of  work  was  then  placed  in  the  coppering  bath  until  a  sufficient  coating 
of  the  red  metal  wau  obtained ;  it  was  then  plung^  into  hot  water  as 
before,  being  afterwards  dipped  in  boiling  water,  which  effectually 
removed  the  paraffin.  When  the  work  became  sufficiently  cool  to 
handle,  certain  ornamental  parts  were  painted  over  with  a  mixture 
formed  by  mixing  blaoklead  and  oxide  of  iron  into  a  paste  with  a 
rather  strong  solution  of  the  sulphide  of  barium.  Soon  after  the  last 
coating  of  the  above  paste  had  been  applied  the  piece  of  work  was 
placed  under  a  tap  of  running  water,  and  a  soft  long-haired  brush 
briskly  passed  over  the  surface  until  the  whole  of  the  sulphide  paste 
was  removed.  As  it  was  found  that  even  with  such  brisk  washing  the 
diluted  sulphide  had  slightly  discoloured  the  copper  surfaces  which 
had  not  been  treated  with  the  sulphide,  a  moderately  strong  solution 
of  cyanide  of  potassium  was  quickly  brushed  over  the  whole  piece,  a 
portion  at  a  time,  each  part  thus  treated  being  at  once  placed  under 
the  tap,  which  was  kept  running  for  the  purpose.  In  this  way  the 
bright  red  of  the  copper  became  speedily  restored,  while  the  blackened 
surfaces  were  unaffected.  The  article  was  next  rinsed  in  hot  water, 
and  finally  in  boiling  water,  as  before.  The  plain  surfaces  of  the 
iirticle  were  next  burnished,  and  a  thin,  colourless  lacquer  finally 
applied,  when  the  operation  was  complete.  It  will  be  readily  seen  that 
ornamental  brasswork — chandeliers,  finger-plates  and  fenders,  for 
example — may  readily  be  treated  in  the  manner  described,  and  exceed- 
ingly beautiful  and  artistic  effects  produced,  without  involving  much 
more  cost  than  that  of  skilled  workmanship. 

OzidlainK  Copper  Surfaces. — ^To  produce  a  deep  black  coloration 
upon  a  clean  copper  surface,  dissolve  from  lOO  to  150  parts  of 
hydrous  carbonate  of  copper  in  a  sufficient  quantity  of  liquid  am- 
monia. The  cleaned  articles  are  promptly  in^mcrscd  in  this  solution, 
when  they  inmiediately  become  coated  with  a  fine  black  deposit, 
which,  when  burnished,  has  the  appearance  of  a  black  varnish. 

Sulphide  of  Barium. — We  have  found  that  a  rich  coloration  may 
be  given  to  clean  copper  articles  by  immersing  them  for  a  longfer  or 
shorter  period,  according  to  the  effect  desired,  in  a  dilute  solution  of 
sulphide  of  barium.  About  4  or  5  grains  of  the  salt  to  each  ounce  of 
water  produces  an  instantimeous  coloration,  of  a  warm  bronze  tint, 
which  incrcascs  in  vigour  by  longer  immersion.  The  action  is  of  so 
permanent  a  character  that  the  articles  will  bear  much  friction  before 
the  coating  will  yield,  while  the  warm  chocolate  tone  which  the  metal 
assumes  has  a  bright  metallic  lustre  which,  for  some  surfaoes,  is 
exceedingly  pleasing. 
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ai«elro-d«poBltloii  of  Alloyi. — In  the  smnmer  of  1887  the  author 
tried  a  g^^eat  nmnber  of  experiments  in  the  electrolysis  of  mixed  solu- 
tions of  neutral  or  faintly  acid  salts  of  yarious  metals,  with  aidew— ;/Sr«<, 
to  determine  whether  alloys  could  be  deposited  from  such  solutions  at 
all  as  a  matter  of  fact ;  and  aeeondf  whether,  if  alloys  could  be  deposited 
from  such  solutions,  baths  could  be  prepared  from  neutral  or  slightly 
acid  solutions  which  might  be  employed,  as  a  substitute  for  cyanide 
solutions,  for  the  practical  purpose  of  coating  metals  with  alloys.  The 
results  of  these  experiments  were  published  from  time  to  time  in  the 
Electrical  Review ^^  and  since  seyeral  of  the  compound  solutions  which 
were  tried  yielded  results  of  a  somewhat  promising  character,  so  far  as 
relates  to  their  application  for  practical  purposes,  it  may  be  well  to 
direct  attention  to  them  in  the  x^resent  work.  It  was  generally  under- 
stood, prior  to  the  publication  of  the  results  of  the  experiments  referred 
to,  that  the  deposition  of  alloys  from  acid  solutions  was  not  only  prac- 
tically impossible  but  contrary  to  the  generally  accepted  theory,  which 
holds  that  from  a  solution  of  mixed  metals  the  least  electro-positive 
metal  is  deposited  first ;  that  is  to  say,  the  simultaneous  deposition  of 
electro-negatiye  and  electro -positive  metals  had  always,  up  to  the 
time  referred  to,  been  considered  theoretically  impossible,  although  in 
the  case  of  cyanide  solutions  (as  those  of  brass  and  German  silver) 
the  accepted  law  of  electrolysis,  propounded  by  Berzelius,  had  in  the 
case  of  these  alkaline  solutions  been  actually  upset  in  practice.  When 
experimenting  with  mixed  solutions  of  neutral  or  acid  metallic  salts, 
the  first  aim  of  the  writer  was  to  determine  whether  a  film  of  brass — 
an  alloy  of  zinc  and  copper — could  be  deposited  from  a  solution  of  the 
mixed  metals  under  any,  and  if  so  under  what,  conditions.  For  this 
purpose  a  mixed  solution  of  the  acetates  of  copper  and  zinc  was  first 
prepared,  the  latter  salt  being  in  excess.  The  bath  was  tried  at  various 
degrees  of  strength,  with  the  current  from  five  small  Daniell  cells  in 
series,  until  the  desired  object  was  obtained,  the  deposit  of  a  film  of 
unmistakable  alloy  in  the  form  of  brass  of  very  good  colour.  In  the 
course  of  this  first  experiment  it  was  found  that  when  the  solution  was 
too  strong  a  powdery  deposit  of  copper  alone  appeared  upon  the 
cathode ;  the  solution  was  then  weakened  by  gradual  additions  of 
water,  and  it  was  noticed  that  a  marked  improvement  in  the  character 
and  colour  of  the  film  occurred  after  each  successive  addition  of  that 
fluid,  until  finally  the  characteristio  yellow  deposit  of  brass  was  obtained 
upon  a  steel  surface.  It  was  found  necessary,  however,  in  order  to 
obtain  a  film  of  brass  of  good  colour  with  the  solution  thus  prepared 
to  immerse  an  exceedingly  small  surface  of  anode,  that  is  to  say,  less 
than  one-fourth  of  an  inch  of  anode  surface  only  was  required  to  secure 
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a  coating  of  the  alloy  upon  a  cathode  surfaoe  (a  steel  plate)  of  at  least 
five  square  inches.  Indeed,  when  the  anode  was  allowed  to  merely 
touch  the  surface  of  the  solution  a  steel  plate  of  five  square  inches  of 
surface  instantly  became  coated  on  both  sides  with  brass  of  a  good 
yellow  colour,  except  at  the  extreme  end  farthest  from  the  anode,  which 
was  tipped  with  zinc  only.  In  order  to  modify  this,  and  place  an  anode  of 
small  surface  opposite  the  entire  length  of  the  steel  plate,  a  piece  of  thin 
brass  wire  was  next  employed  as  an  anode,  and  answered  the  pui'pose 
admirably,  for  a  fresh  steel  plate  became  uniformly  coated  with  brass 
of  very  good  colour,  on  both  sides,  almost  immediately  after  immersion 
in  the  bath.  Under  these  conditions  the  deposition  of  a  true  alloy  was 
far  more  prompt  than  with  any  ordinary  cyanide  solution.  A  steel 
plate  in  contact  with  a  strip  of  zinc  immediately  became  coated  with 
brass  in  this  bath  on  the  contact  side,  but  copper  alone  was  deposited 
on  the  opposite  side.  By  simple  immersion,  a  clean  strip  of  zinc  be- 
came immediately  coated  with  a  film  of  brass  in  the  same  solution.  It 
thus  became  apparent  that  when  once  the  proper  condition  of  the 
electrolyte  was  reached,  the  deposition  of  an  alloy  from  an  acid  solution 
was  an  exceedingly  simple  operation,  and  that  an  electro -negative  and 
an  electro-positive  metal  could  be  deposited  conjointly  from  an  acid 
bath  as  a  veritable  alloy. 

If  the  above  results  had  been  obtainable  only  with  mixed  solutions 
of  zinc  and  copper  salts,  while  solutions  of  other  mixed  metals  failed 
to  yield  similar  results,  an  inexplicable  problem  would  have  presented 
itself.  But  that  this  was  not  the  case  was  amply  establislied  by  further 
experiments,  in  which,  amongst  other  alloys,  the  following  were  depo- 
sited, in  some  cases  with  remarkable  facility ;  copper  and  tin,  copper 
and  lead,  copper  and  antimony,  copper  and  silver,  copper  and  nickel, 
and  even  copper  and  platinum.  In  preparing  a  series  of  solutions  for 
depositing  brass,  the  author  tried  the  following  with  success  amongst 
others  which  were  less  successful :  the  sulphates  of  zinc  and  copper, 
citrates  of  zinc  and  copper,  chlorides  of  zinc  and  cop^^cr,  tartrates  of 
zinc  and  copper,  from  each  of  which  combinations  he  obtained  satis- 
factory films  of  brass  of  a  good  yellow  colour,  but  for  all  practical 
purposes  he  would  give  the  preference  to  a  solution  composed  of  the 
acetates  of  copper  and  zinc.  An  endeavour  was  also  made  to  produce 
a  working  bath  from  the  double  acetates  of  copper  and  zinc  by  the 
battery  process,  as  it  is  termed,  as  follows : — A  mixture  of  about 
equal  parts  of  conmiercial  acetic  acid  and  water  was  first  prepared, 
and  in  this  was  unmersed  a  clean  plate  of  g^ood  sheet  brass,  connected 
to  the  positive  pole  of  a  5 -cell  Daniell  battery ;  a  rod  of  carbon,  con- 
nected to  the  negative  pole  of  the  battery,  was  then  immersed  in  the 
liquid,  which  soon  assumed  a  greenish  tint  near  the  anode,  which  elec- 
trode kept  very  bright  and  clean,  indicating  that  it  was  being  freely 
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dissolved  into  the  solution.    The  liquid  was  kept  frequently  Btirred  while 
the  electrolysis  was  proceeding,   and  at  the  end  of  about  twenty 
minutes  the  carbon,  which  exhibited  traces  of  deposited  metal  upon  its 
surface,  WBA  withdrawn,  and  a  steel  plate  substituted,  which  became 
partially  coated  with  a  yellow  film  of  brass  in  less  than  half  a  minute. 
The  steel  plate  was  then  withdrawn,  and  the  carbon  again  immersed, 
in  order  to  allow  the  solution  to  acquire  sufficient  metal  to  form  a 
practical  working  bath.     In  about  three-quarters  of  an  hour  from  the 
commencement  of  the  operation  the  bath  was  found  to  have  become  suffi- 
cientiy  charged  with  the  respective  metals — zinc  and  copper — to  yield 
a  ready  deposit  of  brass  of  very  g^ood  colour.    The  plate  was  allowed 
to  remain  in  solution  for  a  few  minutes,  when  it  was  taken  out  and  well 
scoured  with  silver  sand,  moistened  with  soap  and  water,  which  opera- 
tion it  withstood  without  stripping  in  the  least  degree,  showing  that 
the  deposit  alloy  was  thoroughly  adherent.    The  film  was  next  scoured 
with  sand  and  water  only,  with  as  much  force  as  possible,  to  test  the 
tenacity  of  the  film  in  the  severest  manner,  and  it  was  found  that  even 
this  severe  treatment  failed  to  remove  the  film,  except  by  wearing  it 
away  by  a  long  continued  friction.     The  plate  was  next  replaced  in 
the  bath  and  allowed  to  receive  a  fairly  good  coating ;  it  waa  then 
well  scoured  with  sand,  soap  and  water,  and  after  being  well  rinsed 
was  burnished  with  a  steel  burnisher,  but  without  blistering  or  strip- 
ping in  the  least  degree.     It  was  noticed,  when  applying  the  burnish- 
ing tool,  that  the  deposited  metal  felt  exceedingly  soft  imder  the 
pressure  of  the  tool ;   the  deposit  was  therefore  reg^nline  in  the  highest 
degree,  while  its  colour  was  equal  to  that  of  the  finest  quality  of  brass* 
Since  the  foregoing  results  were  published  in  the  EUetrical  Review  the 
author  was  shown  by  a  correspondent  some  specimens  of  steel  coated 
with  InnsR,  in  a  solution  of  the  acetates  of  copper  and  zinc,  as  recom- 
mended by  him,  and  these  certainly  gave  promise  that,  with  a  little 
further  development,  the  electro-deposition  of  brass  from  acid  solutions 
would  eventually  become  practical,  in  the  hands  of  skilful  manipulators, 
for  the  purposes  of  art.    Although  the  author's  present  engagements 
deter  him  from  pursuing  the  subject  of  alloy  deposition  for  awhile,  he 
hopes  to  resume  his  experiments  at  an  early  date,  and  to  make  known 
some  further  results  which  may  prove  interesting,  if  not  indeed  prac- 
tically  useftd,  to  the  electro-metallurgiBt. 

T«at  for  Fr««  Oyanlde. — It  is  sometimes  useful  to  have  at  com- 
mand some  ready  way  of  determining  the  actual  quantity  of  free 
cyanide  in  a  solution.  For  this  purpose  Mr.  Sprague  devised  the  fol- 
lowing syst^n,  *'  based  upon  the  ordinary  decimal  measures  obtainable 
anywhere,  and  upon  the  basis  of  one  ounce  of  cyanide  per  gallon  of 
solution,  from  one  to  two  ounces  being  the  proper  working  strength.'* 
The  method  is  thus  described : — *'One  ounce  per  gallon  is  equal  to 
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62*5  grrainBin  10,000;  the  equiyalent  of  cyanide  of  potassium  is  65, 
and  it  takes  two  of  these  to  piedpitate  and  redissolye  cyanide  of 
sUver  from  nitrate  of  silver,  the  equivalent  of  which  is  170.  The  test 
solution,  therefore,  is  prepared  from  pure  nitrate  of  silver,  8172 
g-rains,  dissolved  in  a  10,000  grain  flask  of  distilled  water;  8*172 
grammes  in  a  litre  make  the  same  solution,  which  is  equivalent,  bulk 
for  bulk,  to  a  solution  of  one  ounce  of  cyanide  in  a  gallon,  and  may 
be  used  in  any  measure  whatever,  properly  divided.  I  prefer  to  take 
1,000  grains  of  it,  and  make  it  up  to  10,000  again ;  to  take  100  grains 
of  the  solution  to  be  tested,  by  means  of  a  g^raduated  pijjotte,  and  then 
add  this  weaker  solution  to  it  from  an  ordinary  alkalimeter.  As  soon 
as  the  precipitate  ceases  to  redissolve  on  shaking,  the  test  is  complete. 
A  slight  cloudiness  in  the  liquid  marks  this  point. 

''To  test  a  sample  of  cyanide,  dissolve  62}  grains  in  the  io,coo 
grain  flask,  and  treat  this  in  the  same  way.  Thus,  if  a  sample  is  so 
treated,  100  grains  placed  in  a  small  flask  or  bottle,  x,ooo  grains  of 
the  test  put  into  an  alkalimeter  and  dropped  into  the  flask  as  long  as 
the  precipitate  disappears,  and  if  upon  adding  520  grains  in  this  way, 
a  permanent  faint  cloudiness  is  produced,  the  sample  contains  52  per 
cent,  of  real  cyanide.  If  the  orig^al  test  solution  is  preferred,  1,000 
grains  of  that  to  be  tested  must  be  used,  and  the  result  is  the  same." 

Antidotes  and  B«ni«dias  in  Oa««i  of  Polflonins. — Since  some  of 
the  substances  employed  in  electro-deposition  are  of  a  highly  poisonous 
nature,  and  the  mineral  acids  with  which  we  have  to  deal  (especially 
nitric  and  sulphuric  acids)  are  exceedingly  corrosive  in  their  action 
upon  the  skin,  as  also  are  the  caustic  alkalies,  soda  and  potash,  a  few 
hints  as  to  the  best  antidotes  or  remedies  to  be  applied  in  cases  of 
emergency  will,  it  is  hoped,  prove  acceptable ;  indeed,  when  we  take 
into  consideration  the  fatal  promptitude  with  which  hydrocyanic  acid, 
cyanogen  vapours,  and  cyanide  of  potassium  will  destroy  life,  it 
becomes  the  duty,  not  only  of  employers,  but  their  foremen,  to  make 
themselves  acquainted  with  such  antidotes  as  can  be  applied  at  a 
moment's  notice  in  cases  of  accidental  poisoning  or  injury  from  cor- 
rosive substances.  In  the  course  of  a  long  experience,  the  author  has 
more  than  once  narrowly  escaped  serious  consequences,  not  only  from 
accidental  causes,  but  (in  his  youthful  days)  from  careless  disregard 
of  the  dangerous  nature  of  cyanogen  vapours.  In  the  latter  case  his 
system  was  at  one  time  so  seriously  affected  by  inhaling  the  vapours 
of  cyanide  baths  as  to  partially  reduce  the  power  of  the  lower  extre- 
mities. His  esteemed  friend,  Mr.  Lewis  Thompson,  a  gifted  scientific 
chemist  and  surgeon,  having  casually  paid  him  a  visit,  upon  observing 
the  author's  condition,  and  well  knowing  its  cause,  promptly  pre- 
scribed 8ix  glasses  of  hot  brandy  and  toater.  The  advice  was  quickly 
followed,  to  the  extent  of  half  the  prescribed  dose,  and  by  the  fol- 
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lowing  day  the  symptoms  had  ahnost  entiielj  disappeared.  Upon 
another  occasion,  the  author  inadvertently  swallowed  a  quantity  of 
old  gold  solution,  which  he  had  placed  in  a  small  teacup  for  an 
experimental  purpose,  in  mistake  for  some  coffee  without  milk,  which 
it  was  his  custom  to  drink  when  at  work  in  his  lahoratoiy.  Having 
discovered  his  mistake  he  at  once  desired  his  assistant  to  g^t  some  luke- 
warm water  without  delay ;  in  his  absence,  however,  he  thrust  hia 
finger  to  the  back  of  his  throat,  and  by  tickling  the  uvula,  quickly 
induced  vomiting ;  copious  doses  of  warm  water,  assisted  by  again 
irritating  the  uvula^  soon  emptied  the  stomach,  after  which  wann 
brandy  and  water  completed  the  remedy,  no  iU  effects  from  the 
accident  being  afterwards  observable.  Upon  one  other  occasion,  the 
author  was  ascending  a  spiral  staircase  leadiiig  to  a  plating  room, 
when  he  suddenly  felt  a  sensation  of  extreme  giddiness;  promptly 
g^nessing  the  cause,  he  retreated  as  speedily  as  his  trembling  limbs 
would  permit  and  sought  the  open  air,  and  as  quickly  as  possible 
obtained  a  glass  of  brandy  from  the  nearest  tavern,  which  had  the 
effect  of  checking  the  tremulous  motion  of  the  limbs  and  feeling  of 
intense  nervousness.  The  cause  of  the  sensation  above  referred  to 
was  this :  some  old  silver  solutions  had  been  treated  with  sulphuric 
add,  to  precipitate  the  silver,  a  short  time  before,  in  an  upper  apart- 
ment, and  the  carbonic  acid  and  cyanogen  vapoun  liberated  wore 
descending  to  the  base  of  the  building  at  the  time  he  ascended  the 
staircase ;  it  was  the  remembrance  of  this  fact  that  prompted  him  to 
retrace  his  steps  as  quickly  as  the  shock  to  his  system  would  allow. 

In  mentioning  the  above  incidents  our  chief  object  is  to  illustrate, 
from  what  has  actually  occurred,  not  only  the  sources  of  danger  which 
callousness  and  inadvertence  may  invite,  and  to  point  out  how  such 
accidents  may  be  avoided,  but  also  to  indicate  how  by  promptitude 
more  serious  consequences  may  be  averted. 

General  Treatment  in  Cases  of  Tbisoninff, — ^The  first  important  stop 
in  all  cases  of  poisoning,  is  to  empty  the  stomach  with  all  possible  dit<(- 
patch.  This  may  generally  be  done  (and  should  always  be  tried  first) 
by  thrusting  the  finger  towards  the  throat,  moving  it  about  so  as  to 
tickle  the  parts  until  vomiting  supervenes.  While  this  remedy  is 
being  tried,  a  second  person,  if  at  hand,  should  hasten  to  procure 
some  lukewarm  water,  which  the  sufferer  should  be  made  to  swallow, 
whether  vomiting  has  or  haa  not  occurred ;  warm  mustard  and  water 
may  also  be  tried.  If  these  remedies  fail,  the  stomach-pump  should 
be  applied.  The  vomiting  should  be  kept  up  and  Ihe  stomach  weU 
washed  out  with  some  bland  aluminous  or  mueilaginous  liquid,  as  warm 
milk  and  water,  eggs  beaten  up  in  milk  or  water,  barley-water,  fioar 
and  water,  or  any  similar  substances  ready  at  hand.  After  the  vomit- 
ing, a  brisk  purgative  or  enema  may  be  admini<ttered,  and  ncrvou<( 
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irritability  or  exhaustion  alleyiated  by  means  of  opium,  eiher,  wine,  or 
warm  spirit  and  water,  as  the  oase  may  require  ;  only  the  "  domestic 
remedies,"  however,  should  be  applied,  except  u  der  proper  medical 
advice. 

Poitonintf  hy  Sydrosyanie  Acid,  Cyanogen,  or  Cyanides. — ^When  hydro- 
cyanic acid  has  been  inhaled,  the  vapour  of  ammonia  or  chloride  of 
lime  should  be  at  once  applied,  cautiously  and  moderately,  to  the 
nostrils;  indeed,  this  highly  poisonous  acid  should  never  be  used, 
especially  by  inezpexienoed  persons,  without  the  presence  of  a  second 
person,  holding  an  uncorked  bottle  of  liquid  ammonia  or  chloride  of 
lime  in  moderate  proximity  to  bis  nostrils.  In  case  of  poisoning  by 
this  acid,  eold  water  should  be  at  onee  poured  upon  the  head,  and 
allowed  to  run  down  the  spine  of  the  sufferer.  In  the  case  of  hydro- 
cyanic acid  or  cyanides  having  been  swallowed,  four  or  five  drops  of 
liquid  ammonia,  in  a  large  wine-glass  full  of  water,  may  be  admi- 
nistered. Mialhe  recommends  spreading  dry  chloride  of  lime  upon  a 
towel,  folding  it  up  in  the  form  of  a  cravat,  and  moistening  it  with 
vinegar  ;  this  is  then  placed  over  the  mouth  and  nostrils  of  the  patient, 
so  that  he  may  inhale  the  chlorine  which  is  gradually  liberated.  In 
cases  of  poisoning  by  swallowing  cyanides — as  g^ld  and  silver  solu- 
tions, for  example — emptying  the  stomach  by  every  means  would 
undoubtedly  be  the  most  important  step.  The  application  of  very 
cold  water  to  the  head  and  spine  should  not,  however,  bo  neglected 
in  severe  cases.  As  antidotes  for  cyanide  poisoning,  iron  salts  are 
recommended,  which  convert  the  deleterious  acid  into  the  comparatively 
innoxious  prussian  blue. 

Poiioninp  by  Corroeive  Aeidn, — In  ea-«e  of  either  of  the  mineral  acids 
— ^nitric,  sulphuric,  or  hydrochloric — ^having  been  swallowed,  copious 
doses  of  lukewann  water,  mixed  with  magnesia,  chalk,  carbonate  of 
soda,  or  potassa,  should  be  administered  at  once.  Milk,  broth,  salad 
oil,  or  oil  of  sweet  almonds  may  also  be  given. 

Poieoning  by  Alkaliet, — ^Vegetable  acids — as  vinegar  and  water,  dilute 
acetic  acid,  lemon -juice ->  should  be  given  by  preference,  but  if  these 
aro  not  at  hand,  very  dilute  hydrochloric,  nitric,  or  sulphuric  acid 
(about  ten  drops  in  half  a  pint  of  water)  may  be  substituted.  When 
the  painful  symptoms  have  subsided,  a  few  spoonfuls  of  salad  oil 
should  be  administered. 

Poisoning  by  Metallic  Salts. — ^The  sufferer  should  be  caused  to  drink 
tepid  water  copiously  and  repeatedly,  vomiting  being  also  urgfed  by 
ti'.ikling  the  throat  with  the  finger  or  a  feather ;  copious  draughts  of 
milk  and  the  white  of  eggs  (albimien)  may  also  be  given ;  but  flowers 
of  sulphur  or  sulphuretted  waters  are  recommended  in  preference, 
since  these  transform  most  of  the  metallic  salts  into  insoluble  sul* 
phides,  which  are  comparatively  inert. 
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Cf/anide  Sore; — ^These  pamful  affectionB  may  ariBe  from  two  prin- 
cipal causes :  firHt,  from  dipping  the  handi  or  arms  into  cyanide  baths 
to  recover  articles  which  have  dropped  into  them— a  very  common 
practice,  and  much  to  be  condemned  ;  and  second,  from  the  accidental 
contact  of  the  fingers  or  other  parts  of  the  hand,  on  which  a  recent 
cut  or  scratch  has  been  inflicted,  with  cyanide  solutions.  In  the 
former  case,  independent  of  the  constitutional  mischief  which  may 
arise  from  the  absorption  by  the  skin  of  the  cyanide  salts,  the  caustic 
liquid  acts  very  freely  upon  the  delicate  tissue  of  the  sMn,  but  more 
especially  upon  the  parts  under  the  finger  nails.  We  have  known 
instances  in  which  purulent  matter  has  formed  under  the  nails  of  both 
hands  from  this  cause,  necessitating  the  use  of  the  lancet  and  poul- 
ticing. Again,  when  cyanide  solutions  come  in  contact  with  recent 
wounds — even  very  slight  cuts  or  abrasions  of  the  akin — a  troublesome 
and  exceedingly  painful  sore  is  sure  to  result,  unless  the  part  be  at  once 
soaked  in  warm  water ;  indeed,  it  is  a  very  good  plan,  after  rinsing 
the  part  in  cold  water,  to  give  it  a  momentary  dip  in  a  weak  acid 
pickle,  then  soak  it  for  a  few  moments  in  warm  water,  and  after 
wiping  the  part  dry  with  a  dean  rag  or  towel,  apply  a  drop  of  olive 
oU  and  cover  up  with  a  strip  or  thin  sheet  of  gutta-|)ercha. 

Poisoning  hy  Aeid  Fume*. — ^When  the  lungs  have  been  affected  by 
inhaling  the  fumes  arising  from  dipping  baths,  stripping  solutions, 
etc.,  or  chlorine  gpas,  the  sufferer  should  at  once  seek  the  open  air ; 
ho  may  also  obtain  relief  by  inhaling,  in  moderation,  the  vapour  of 
ammonia  from  the  stopper,  not  from  the  bottle  itself ;  or  a  little  water 
may  be  put  into  a  glass  measure  and  a  few  drops  of  ammonia  mixed 
with  it,  which  may  be  inhaled  more  freely.  When  an  apartment 
has  become  oppressive  from  the  fumes  of  acid,  it  is  a  good  plan  to 
pour  small  quantities  of  liquid  ammonia  upon  the  floor  in  sevtral 
places,  but  the  acid  fumes  should  be  expelled  as  quickly  as  possible  by 
the  opening  of  all  windows  and  doors. 

Caution. -^"NcY&t  add  an  acid  to  any  liquid  containing  cyanide,  or 
ferrocyanide,  in  a  closed  apartment,  but  always  in  the  open  air,  taking 
care  to  keep  to  windward  of  the  liberated  gases,  which  are  poisonous  in 
the  highest  degree. 
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££fect  of  Nitrates  upon  Nickel  Deposits. — Daly's  Barrel  Method  of  Mickel- 
plating. — Employment  of  the  Barrel  Method  of  Plating  fcr  Metals  other 
than  Nickel. — The  Electrolytic  Manufactnre  of  Metal  Papers. — Electro- 
Deposition  of  Cobalt. — ^Professor  S.  P.  Thompson's  Process  of  Cobalt 
Deposition. — ^The  Electrolytic  Formation  of  Parabolic  Mirrors  for 
Searchlights.^^  Areas*  Silver-plating. — An  Hotel  Silver-plating  Plant. 
— ^Alnminium  Plating  by  Electrolysis  and  Otherwise.— Plating  Alu- 
minium with  other  Metals. 

TlM  BffMt  of  mtratM  upon  mokol  Deposits. — ^In  Prof.  G.  F. 
Ghandler's  JProsidentialAddresB  to  the  Society  of  Chemical  Industry, 
in  July,  1900,  he  nuikes  the  following  remarks  oonceming  nickel- 
plating  {Joum,  Soc.  Chfm.  Ind,,  vol.  19,  1900,  p.  611): — "Nickel- 
plating  is  a  most  useful  application  of  electrolysis.  It  was  in- 
Tented  by  Isaao  Adams,  of  Boston.  Adams  wondered  why  all 
attempts  to  plate  nickel  upon  other  metals  had  proved  unsuccessful, 
and  he  began  a  careful  investigation  to  ascertain  the  cause  of  the 
difficulties  experienced.  He  soon  found  that  the  real  difficulty  was  due 
to  the  presence  of  nitrates  in  the  solutions  employed.  Nickel  always 
appearing  in  commerce  in  the  metallic  form  it  was  natural  when  anyone 
desired  a  solntion,  to  dissolye  it  in  nitric  add,  to  precipitate  the  nitrate 
with  carbonate  of  soda  and  dissolve  the  carbonate  of  nickel  in  the 
proper  acid  for  the  solution  desired.  No  one  ever  washed  the  carbonate 
of  nickel  with  sufficient  care  to  remove  the  last  portions  of  the  nitrate 
of  soda.  Consequently  all  the  nickel  solutions  previously  experimented 
upon  had  contained  nitrates,  the  presence  of  which  Adams  found  to  be 
fatal  to  successful  nickel-plating.  This  fact  having  been  ascertained, 
nickel-plating  was  the  immediate  result.  Adams  obtained  a  patent 
for  this  process,  which  was  afterwards  the  subject  of  prolonged  litiga- 
tion. The  novel  proposition  was  presented  to  the  Court  of  a  patent 
for  not  doing  something,  namely,  for  not  permitting  nitrates  to  find 
their  way  into  the  nickel  solutions  employed  in  nickel-plating)  and  the 
Court  held  that  the  exclusion  of  nitrates  was  an  essential  condition  of 
successful  nickel-plating,  and  that  a  process  inyolving  this  condition 
was  just  as  patentable  as  a  process  involving  any  other  special  condition 
necessary  for  successful  execution,  and  the  patent  was  sustained." 

It  must  be  remarked  here  that  Adams'  English  patents  3,  x  25,  of  1869 
and  a  disclaimer  3, 135*  of  1869,  do  poiat  out  the  necessity  of  the  nickel 
solutions  employed  being  pure,  but  do  not  place,  as  far  as  I  can 
obserre,  any  such  very  marked  emphasis  upon  the  necessity  of  the 
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abflenoe  of  nitrates  from  the  Bolutianfl  as  would  be  supposed  from  Frof . 
Chandler'B  zemarks  quoted  above.  In  my  opinion  Adams*  patents 
plaoe  more  stress  upon  the  nece6Bit7  of  the  absence  of  impurities  other 
than  nitrates,  than  upon  the  necessity  of  removing  the  nitrates  them- 
selves. A  very  fair  series  of  extracts  from  Adams'  patents  is  g^ven  by 
Watt  on  pages  300,  301  of  this  volume.  The  only  two  portions  of  the 
patents  mentioning  nitric  acid  or  nitrates  which  are  omitted  from 
Watt's  extracts  are  in  the  final  clauses,  and  are  as  follows : — 

1.  **  It  is  important  that  great  precaution  should  be  used  to  prevent 
the  introduction  into  the  solution  of  even  minute  quantities  of  potash, 
soda,  or  nitric  acid.  When  an  article  to  be  coated  is  cleaned  in  acid 
or  alkaline  water,  or  is  introduced  into  it  for  any  purpose,  the  greatest 
care  must  be  taken  to  remove  all  traces  of  these  substanoeB  before  the 
article  is  introduced  to  {$ie)  the  nickel  solution,  as  the  introduction  of 
the  most  minute  quantities  of  acids  or  alkalies  will  surely  be  injurious. 
It  is  important  that  the  solution  be  kept  free  from  all  foreign  sub- 
stances,  but  its  purity  from  those  above-named  is  especially  important." 

2.  "  What  I  therefore  claim  is,  first,  the  electro-deposition  of  nickel 
by  means  of  a  solution  of  the  double  sulphate  of  nickel  and  ammonia, 
or  a  solution  of  the  double  chloride  of  nickel  and  ammonium,  prepared 
as  above  described,  and  used  for  the  purposes  above  set  forth,  in  such 
a  manner  as  to  be  free  from  the  presence  of  potash,  soda,  alumina, 
lime,  or  nitric  add,  or  from  any  acid  or  alkaline  reaction." 

Dary's  Barrel  BCetliod  of  Hlokel-Flatliis^ — G.  Dary  {Electrician, 
vol.  20,  pp.  49,  50,  July  28th,  1900)  describes  a  method  for  economically 
and  rapidly  plating  the  innumerable  small  articles  which  are  now  re- 
quired to  be  nickel-plated.  This  method  is  patented,  and  the  English 
patent  is  owned  by  the  Electrolytic  Plating  Apparatus  Company.  The 
process  is  described  as  follows,  in  an  abstract  of  the  original  paper 
{Science  Abstracte,  vol.  3,  p.  896,  1900,  or  Joum.  Soc.  Chem.  Ind., 
vol.  19,  p.  1024,  1900): — The  preliminary  treatment  of  the  small 
articles  which  are  to  be  nickel-plated  involves  the  usual  boiling  with 
strong  potash  solution,  rinsing  in  water,  and  immersion  in  a  nitric  acid 
bath;  but  these  and  the  subsequent  eleotrolytio  deposition  of  the 
nickel  are  all  carried  on  in  the  same  piece  of  apparatus.  This  consists 
of  a  hexagonal  perforated  wooden  barrel  mounted  so  that  it  may  be 
rotated  at  any  desired  speed  in  the  tanks  containing  the  various  clean- 
ing and  depositing  solutions.  The  barrel  and  its  mountings  are 
suspended  by  an  axial  metal  rod  which  rests  on  the  tanks,  and  the 
whole  can  be  raised  or  lowered  by  means  of  pulleys.  The  method  ot 
working  is  as  follows :  The  barrel  is  filled  one-half  or  two-thirds  with 
the  articles  and  is  then  lowered  into  the  cleaning  or  depositing  solutions. 
The  speed  of  rotation  varies  according  to  the  form  of  tlie  articles  to  be 
plated — a  speed  of  fifty-five  revolutions  per  minute  being  found  the 
best  for  certain  forms.    The  electrical  contact  between  the  articles  in 
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the  barrel  and  the  negative  leads  is  effected  by  means  of  the  metal  rod 
which  carries  the  barrel,  and  by  the  tronnions  on  which  it  reyolTes. 
From  the  latter  metallic  strips  run  along  the  interior  of  the  barrel,  and 
thus  make  contact  with  all  the  articles  which  it  contains. 

A  current  of  10  amperes  at  6  volts  pressure  will  plate  20  kilograms 
of  metallic  objects  in  four  hours,  the  barrel  used  for  such  a  charge 
being  0*75  metre  in  length.  Sawdust  is  used  to  dry  the  articles  after 
they  have  been  thoroughly  washed  with  water.  The  coat  of  nickel- 
plating  by  this  process  lies  between  0*80  and  2*50  francs  per  kilogram, 
according  to  the  form  of  the  articles  requiring  to  be  plated. 

Binployineiit  of  tlie  Barrel  Metliod  of  Flatins  for  Metals 
otlier  ttian  Niekel. — The  barrel  method  of  electro -plating  is  not  only 
employed  for  nickel-plating,  and  the  following  details  of  a  patent  trial 
on  this  method  will  be  of  interest  in  showing  the  success  with  which 
the  process  has  been  employed.  The  details  are  taken  from  a  notice 
in  the  Electrician,  vol.  48,  p.  1 10 : — 

On  Monday,  November  4th,  1901,  the  Electrolytic  Plating  Apparatus 
Company  brought  an  action  against  Messrs.  H.  Holland  and  Company 
to  restrain  them  from  infringing  Patent  No.  5,274  of  1896,  the  pro- 
perty of  the  former  company,  which  patent  is  the  one  described  above, 
and  is  entitled,  *'  An  improved  machine  for  the  electro-deposition  of 
metals  in  a  perforated  drum  designed  to  rotate  in  the  electrolyte,  and 
having  an  axis  which  forms  the  negative  pole.*'  The  defence  was  a 
denial  of  infringement,  and  a  plea  that  the  plaintiffs'  patent  had  been 
anticipated  by  the  patents  of  Camforth,  W.  R.  Lake,  Zing^m, 
Richard  Heathfield,  andW.  S.  Rawson.  Mr.  Swinburne,  giving  evi- 
dence, said  that  he  had  read  the  plaintiffs'  patent,  which  related  to  an 
improved  apparatus  for  the  electro -deposition  of  metals.  According 
to  their  answer  to  interrogatories  defendants  had  used,  but  had  not 
manufactured,  apparatus  for  the  electro-deposition  of  metals  having  a 
perforated  drum  revolving  in  the  electrolyte,  such  drum  having  an 
axis  forming  the  negative  pole,  with  which  the  articles  to  be  plated 
came  in  contact,  directly  or  indirectly,  through  contact  with  each 
other.  If  that  were  so  an  infringement  of  plaintiffs'  patent  had  taken 
place.  He  had  considered  the  anticipations  alleged  by  defendants,  but 
did  not  find  anything  in  any  of  them  in  any  way  anticipating  the 
plaintiffs'  patent.  He  stated  that  Heathileld  and  Rawson  put  their 
anodes  inside  the  barrel  instead  of  outside,  as  the  plaintiffs  did,  and 
the  plaintiffs'  metliod  was  more  convenient,  as  the  anodes  were  always 
wearing  away,  and  were  more  easily  replaced.  Moreover,  with 
Heathfield  and  Rawson' s  arrangement,  mud  and  dirt  from  the  anode 
would  get  into  the  work,  whilst  finally  the  connections  were  simpler 
with  the  plaintiffs'  arrangements,  as  there  was  only  one  side  of  the 
connections  to  be  brought  to  the  moving  parts  of  the  apparatus  ;  he, 
however,  considered  that  Heathfield  and  Rawson's  apparatus  would 
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perform  the  plating  satisfactorily.  Messrs.  EUdnprtonH'  electro-platiiig 
manager,  however,  stated  that  Heathfield  and  Rawson's  apparatus 
was  employed  by  his  firm  and  then  discarded,  as  it  was  not  successful 
in  depositing  yarious  metals,  the  chief  disadvantages  being  the  size; 
the  difficulty  of  getting  more  than  a  small  quantity  of  work  into  the 
ban*el,  and  the  difficulty  of  renewing  the  anodes. 

On  the  other  hand  the  plaintiffs*  apparatus  worked  successfully  and 
economically,  and  ho  knew  of  no  machine  better  than  the  plaintifPri'  for 
doing  this  work.  They  had  two  of  the  plaintiffs'  machines  at  work. 
Tlie  central  cathode  gave  the  great  advantage  that  the  current 
went  through  the  work  beforo  it  reached  the  cathode.  The 
manager  of  Messrs.  Brompton  Bros.,  of  Birmingham,  stated  tliat  his 
firm  had  two  of  the  plaintiffs*  machines,  which  gave  entire  satisfaction, 
the  saving  effected  being  about  75  per  cent,  of  the  cost  of  production 
over  and  above  the  process  which  was  in  use  prior  to  the  introduction 
of  the  plaintiffs*  machine.  Mr.  Justice  Ridley  delivered  judgment 
for  the  plaintiffs.  He  held  that  neither  Zing^sem's  nor  Heathfield 
and  RawHon*6  patents  were  anticipations.  Plaintiffs  had  just  hit  the 
riirht  thing  which  others  had  failed  to  do  by  a  slight  margin.  The 
invention  had  proved  an  unqualified  success. 

A  modification  of  the  ordinary  barrel  process  of  plating  small  articles 
has  been  recently  introduced  by  MM.  Delval  and  Pascales,  and  has 
been  doaeribed  in  V EUelrieUn^  August  17th,  190 1,  vol.  22,  pp.  loi- 
104.  The  following  extract  from  an  abstract  of  this  paper,  which 
appeared  in  the  Journ.  Soe,  Chem.  J«i/.,  vol.  21,  1902,  p.  53,  appears  to 
show  that  in  this  modified  process  the  anodes  are  inside  the  barrel  as 
in  the  Heathfield  and  the  Rawson  patents  mentioned  above,  and  not  as 
in  the  Dary  process  outside  the  barrel.  The  abstract  runs : — "The 
8;)ccial  feature  of  the  process  is  the  commutator,  which  supplies  the 
current  to  the  anode  connections  inside  the  bath.  Instead  of  these 
being  permanently  connected  to  the  source  of  the  current  they  are  so 
arranged  that,  by  means  of  the  conmiutator,  the  bars  not  actually 
touching  the  articles  in  the  drum  are  cut  out  of  circuit,  so  that  any 
leakage  of  current  through  them  is  prevented.** 

In  the  absence  of  drawings  the  meaning  here  appears  somewhat 
dark,  as  it  would  seem  that  the  time  to  disconnect  the  circuit  from  the 
anodes  was  precisely  when  these  came  in  contact  with  the  articles  to 
be  plated,  whereas  precisely  the  opposite  action  is  stated  to  occur  in 
this  description.  The  difficulty  to  be  a/oided,  one  would  imagine, 
would  bo  the  actual  dissolving  of  the  coating  on  the  articles,  or  the 
articles  themselves  possibly  if  they  were  permitted  to  come  into  contact 
with  the  anodes,  whilst  the  question  of  leakage  as  ordinarily  spoken  of 
would  appear  not  to  come  into  the  question,  although  certainly  a  short 
circuit  might  be  caused  if  the  articles  under  treatment  were,  as  is  pre- 
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Bmnably  the  case,  connected  to  the  cathode,  and  then  came  into  contact 
with  the  anodes  momentarily. 

Tb«  BUetrolytlo  Mannfaetiue  of  Bff«tal  Papera. — In  the  EUc- 
trieal  Enginur,  vol.  28,  1901,  p.  3,  the  following  notice  is  g^ven  of 
this  process: — "One  of  the  most  recent  developments  in  the  electro- 
lytic mannf actnre  of  metal  papers  is  embodied  in  a  patent  recently 
issued  to  Carl  Endrumeit,  of  Berlin,  describing  a  continuous  process  for 
the  production  of  metal  papers  or  paper-backed  foils.  In  this  method 
an  endless  belt  of  metal  moves  past  first  a  rotary  polishing  roller,  which 
removes  stains  or  irregularities,  then  over  a  tank  containing  a  dilate 
solution  of  potassium  trisulphide,  with  which  the  polished  face  of  the 
belt  is  moistened  by  means  of  a  cylindrical  brush.  A  layer  of  sulphide 
imperceptible  to  the  eye,  but  sufficient  to  prevent  too  close  adherence 
of  the  metal  afterwards  deposited,  is  thus  made  to  form  upon  the  sur- 
face of  the  metal  band.  After  wiping  and  then  thoroughly  rinsing  in 
soft  water  the  belt  dips  into  the  first  plating  vat,  and  receives  over  the 
sulphide  a  thin  coating  of  nickel,  then  into  a  second  vat,  where  this 
film  is  reinforced  by  a  heavier  deposit  of  copper.  This  is  followed  by 
more  brushing  and  rinsing,  and  a  coating  of  glue  is  evenly  applied  to 
the  layer  of  copper,  a  strip  of  paper  is  fed  upon  it  from  a  roll,  and  belt, 
deposit  and  paper  pass  together  through  rubber  compressing  rolls  and 
a  drying  chamber.  As  the  deposited  film  adheres  far  more  strongly 
to  the  paper  backing  to  which  it  is  glued  than  to  the  polished  and  sulphide 
faced  metal  belt,  the  finished  metal-faced  paper  can  be  easily  stripped 
and  wound,  while  the  belt  passes  again  to  the  polishing  rolls  and  the 
electro-plating  vats.  Using  a  polished  cathode  belt,  it  is  claimed  that 
a  paper  with  a  brilliant  nickeled  surface  is  obtained,  and  by  the  ad- 
dition of  mercaptans  or  other  sulphur  compounds  to  the  glue  the 
backing  adheres  so  strongly  that  the  product  is  thoroughly  serviceable." 

Xll«etro-deposition  of  Cobalt. — The  following  additional  remarks 
on  cobalt  plating  were  made  in  the  Appendix  to  this  work  in  the  1889 
edition  (see  also  pp.  359*362  of  this  volume) : — In  the  autumn  of  1887 
the  author,  believing  that  cobalt,  as  an  attractive  and  serviceable  coating 
for  other  metals — ^but  more  especially  for  articles  of  brass,  copper  and 
steel — deserved  more  attention  than  had  hitherto  been  accorded  to  it  by 
electro -depositors,  pursued  a  long  series  of  experiments  with  a  view 
to  ascertain  the  behaviour  of  certain  salts  of  cobalt  under  the  action 
of  the  electric  current,  hoping  that  the  results  obtained*  would  not 
only  be  instructive  to  the  student  of  electro-chemistry,  but  also  in 
some  degpree  useful  to  those  who  pursue  the  art  of  electro-deposition 
as  a  business.  It  had  often  struck  the  writor  as  being  somewhat 
remarkable  that  cobalt  should  have  received  so  little  attention  from 

*  Vide  Electrical  Bevim/o  Nov.  iSth  and  25th,  and  Dec.  and,  1887. 
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thoHO  wlio  are  engaged  in  depositing  metals  upon  each  other  for  the 
various  purposes  of  art,  since  it  is  not  only  whiter  than  nickel,  when 
deposited  under  favourable  conditions,  but  it  also  requires  but  a  very 
feeble  current  for  its  deposition  as  compared  with  that  required  by 
tlie  former  metal.  It  is  true  that  cobalt  is  a  dearer  metal  than 
Tiickel,  but  since  a  cobalt  bath  requires  only  about  one- third  of  the 
quantity  of  '*  salts'*  required  to  make  up  a  nickel  bath,  the  actual 
cost  of  the  electrolyte  in  each  case  would  be  about  the  same.  The 
price  of  cobalt  anodes  is  also  higher  than  the  corresponding  plates 
of  nickel,  but  when  we  consider  the  small  quantity  of  metal  that  is 
usually  required  to  be  deposited  upon  ordinary  work,  the  relative 
cost  of  the  respective  metals  need  scarcely  be  seriously  considered. 
In  the  series  of  papers  ref^red  to  the  author  endeavoiu'ed  to  show 
that  ihe  adoption  of  cobalt-plating,  or  oobalting,  would  probably  be 
accepted  by  the  public  as  a  novelty,  and  thus  give  a  fillip  to  the 
electro-plating  industry,  but  more  especially  to  that  branch  of  it 
which  is  devoted  to  coating  metal  work  with  nickel.  On  making 
inquiries  as  to  the  probable  reason  why  cobalt-plating  had  been  so 
little  adopted,  it  soon  became  apparent  that  the  subject  had  liitherto 
been  treated  chiefly  in  an  experimental  way,  and  that  the  information 
furnished  by  writers  on  the  subject  was  scarcely  sufficient  to  guide 
those  who  were  willing  to  turn  their  attention  to  the  deposition  of 
this  metal  as  a  new  industry.  Moreover  the  difficulty  of  obtaining 
anodes  of  cobalt,  and  reliable  cobalt  salts,  also  militated  against 
the  adoption  of  cobalt-plating  for  practical  purposes.  Since  both 
these  necessaries  can  readily  be  obtained  from  Messrs.  Henry  Wiggin 
and  Co.,  of  Birmingham,  at  the  present  time,  there  is  no  practical 
obstacle  in  the  way  of  those  who  may  feel  disposed  to  try  their  hands 
at  cobalting  as  an  addition  to  their  present  routine  of  operations. 

Of  the  many  cobalt  solutions  wliich  the  writer  tried,  the  following 
were  found  to  be  the  most  effective  and  reliable,  namely,  the  sulphate 
of  cobalt,  the  double  sulphate  of  cobalt  and  ammonia,  the  chloride,  the 
double  chlorides  of  cobalt  and  ammonium,  and  the  chlorides  of  cobalt 
and  sodium.  These  salts  were  employed  in  the  proportions,  and  with 
the  results,  given  below. 

Sulphats  of  Cobalt. — In  each  gallon  of  water  required  to  make  up  a 
bath,  5  ounces  of  crystals  of  sulphate  of  cobalt  are  to  be  dissolved, 
which  is  most  conveniently  done  by  dissolving  the  crystals  in  suffi- 
cient hot  water,  and  finally  adding  cold  water  to  make  up  the  neces- 
sary quantity  of  solution.  The  bath  should  be  allowed  to  rest  until 
cold,  and  be  worked  with  rolled  or  cast  cobalt  anodes,  either  of  which 
may  be  obtained  from  the  finn  above  named.  The  current  density 
should  not  exceed  2  to  4  amperes  per  square  foot  of  cathode  surface, 
and  the  articles  to  be  coated  (if  required  to  be  bright)  should  be  pre- 
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vioxwly  well  polished,  potashed,  and  scoured,  as  for  nickel-plating,  be- 
fore being  put  into  the  bath.  As  in  the  case  of  nickeling,  it  is  also 
absolutely  necessary  that  the  most  scrupulous  cleanliness  Ix?  observed, 
since  carelessness  in  this  respect  might  cause  the  work  to  strip  at 
such  parts  as  may  have  been  badly  prepared.  Bi-ass,  copper,  and  steel 
are  readily  cobalted  in  this  bath. 

Dottbh  Sulphate  of  Cobalt  and  Atmnonium. — To  prepare  a  bath  from 
this  salt,  5  otmces  of  the  crystals  are  dissolved  in  each  gallon  of 
water,  and  the  onrrent  should  bo  of  about  the  same  density  as 
before  ;  it  may,  however,  be  somewhat  diminished  when  coating  steel 
articles.  After  a  time,  articles  coated  in  this  bath  assume  a  rather 
dull  appearance,  but  since  electrolytic  cobalt  is  somewhat  softer  than 
nickel,  the  dull  burr  may  readily  be  rendered  bright  by  scratch - 
brushing,  an  operation  which  would  have  but  little  effect  on  a  corre- 
sponding surface  of  nickel.  If  carefully  worked,  this  solution  should 
yield  very  good  results,  and  may  be  considered  a  good  practical  bath. 
It  must,  however,  be  used  with  a  feeble  current,  otherwise  the  metal 
will  deposit  too  rapidly  and  consequently  bo  liable  to  strip  off  before 
a  sufficiently  stout  film  is  obtained.  In  cobalting  with  this  solution, 
and  indeed  with  most  of  them,  it  is  absolutely  necessary  that  the 
deposit  should  progress  slowly  at  first;  if  the  film  has  "struck"  a 
few  seconds  after  immersion,  that  is  all  that  is  needed  to  ensure  adhe- 
sion, and  the  current  may  be  gradually,  but  moderately,  increased 
after  a  few  minutes.  In  other  words,  if  the  deposit  be  allowed  to  jump 
OHf  it  will  most  assuredly  jump  off  when  the  film  thickens. 

ChloHde  of  Cobalt. — A  bath  may  be  prepared  from  this  salt  by  dis- 
solving about  5  ounces,  or  even  less,  of  the  crystals  in  each  gallon  of 
water.  "With  a  very  feeble  current  brass  and  copper  readily  receive  a 
fine  white  and  bright  film  of  cobalt,  which,  however,  becomes  duU  after 
a  time.  If  worked  with  care,  keeping  the  current  low,  very  good 
deposits  may  be  obtained  from  this  solution. 

Chlorides  of  Cobalt  and  Anvnonium. — In  making  up  a  bath  from  this 
double  salt,  from  4  to  5  ounces  of  chloride  of  cobalt  crystals  are  dis- 
solved in  each  gallon  of  water,  and  to  the  solution  is  added  about 
3  ounces  of  sal-ammoniac,  the  whole  being  stirred  until  the  latter  is 
dissolved.  This  bath  must  be  worked  with  a  still  more  feeble  current 
than  the  last,  otherwise  the  deposited  metal  will  be  liable  to  strip 
from  the  articles  coated.  The  deposit  from  this  solution  is  very 
bright,  and  of  a  fine  white  colour. 

Chlorid4^^  of  Cobalt  and  Sodium. — To  a  solution  of  chloride  of  cobalt, 
containing  5  ounces  of  the  salt  per  gallon  of  water,  3  ounces  of  oommon 
salt  are  added  and  dissolved.  With  a  weak  current,  articles  of  brass 
or  copper  promptly  become  coated  in  this  bath,  the  deposit  generally 
remaining  bright  for  a  longer  period  than  in  either  of  the  previous 
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solutions.  The  anodes  keep  very  bright  and  c'ean  in  working  tbia 
bath. 

Dottble  Sulphates  of  Cobalt  attd  Ammoninm^  with  Chloride  of  Sodium 
added.  —Well  knowing,  from  his  own  experience,  and  that  of  others, 
the  great  advantages  which  arc  derived  from  the  addition  of  comnion 
salt  to  nickel  baths  prepared  from  the  double  sulphates  of  nickel  and 
ammonium,  by  which  not  only  is  the  conductivity  of  the  solution 
g^reatly  increased,  but  the  character  of  the  deposited  metal  materially 
improved,  the  author  determined  to  ascertain  whether  similar  advan- 
tages could  be  obtained  by  adding  common  salt  to  a  bath  prepared 
from  the  double  sulphates  of  cobalt  and  ammonium.  For  this  purpose 
a  solution  was  formed  by  dissolving  crystals  of  the  double  salts,  in  the 
proportion  of  about  5  ounces  to  the  gallon  of  water.  About  5  per  cent, 
of  common  salt  was  then  added  and  dissolved  in  the  liquor,  and  a 
clean  brass  cathode  immersed  and  allowed  to  remain  until  fairly  coated. 
The  addition  of  the  salt,  however,  did  not  present  any  apparent  advan- 
tage ;  an  additional  5  per  cent,  was  therefore  g^ven,  after  which  the 
deposit — a  feeble  current  being  used — became  more  prompt,  and  a 
satisfactory  film  of  cobalt  was  obtained  in  about  half  an  hour.  A  third 
portion  of  salt — making  15  per  cent,  in  all — was  next  added,  and  a 
fresh  plate  immersed,  which  received  a  white  but  somewhat  dull  film 
of  cobalt,  but,  however,  very  uniform  in  character.  Although  the  de- 
posits obtained  in  the  salted  solution  were  much  less  bright  than  those 
from  the  plain  solution  of  the  double  sulphates,  it  may  be  mentioned 
that  the  dull  bloom,  which  had  a  pearly  hue,  was  readily  brightened 
by  the  scratch-brush  or  by  scouring  with  moist  silver  sand.  It  would 
therefore  be  easily  rendered  bright  by  the  ordinary  process  of  polish- 
ing. When  comparing  the  results  obtained  from  nickel  solutions  to 
which  common  salt  has  been  added,  with  those  in  which  the  saline 
material  has  been  added  to  cobalt  solutions,  it  became  evident  that  the 
advantages  derived  from  the  addition  of  salt  were  more  marked  in 
the  case  of  nickel  baths. 

In  depositing  cobalt  from  its  solutions,  although  it  is  necessary,  in 
order  to  obtain  a  firmly  adherent  film,  to  employ  weak  currents  of 
electricity,  the  colour  of  the  deposit  is  never  so  good — that  is,  the  film 
never  acquires  its  full  degfree  of  whiteness— when  the  current  is  below 
a  density  that  will  yield  a  prompt  deposit ;  that  is  to  say,  the  article  to 
be  coated  should  become  covered  with  metal  almost  immediately  after 
immersion. 

Professor  Silvanus  Thompson's  Cobalt  Proc^w.— This  process,  for  which 
Professor  Thompson  obtained  a  patent  in  1887,  has  for  its  object  *'  the 
deposition  of  cobalt  in  films  of  greater  tenacity,  density,  and  brilliaiice 
of  tint,  than  have  heretofore  been  obtainable  with  certainty.  The 
solution  for  depositing  cobalt  may  consist  of  sulphate  or  chloride  of 
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cr)balt,  or  of  the  double  sulphate  or  chloride  of  magnesiuin,  or  other 
suitable  soluble  salt  of  magnesiumf  or  a  mixed  soluble  salt  of  magne- 
sium and  ammonium  may  be  added  to  the  solution  of  cobalt  salts. 
The  citrate  of  magnesium  is  a  useful  salt,  and  it  may  be  formed  in 
the  solution  by  adding  citric  acid  and  magnesia,  or  carbonate  oi  mag- 
nesium, to  the  solution,  citrate  of  ammonium,  or  simply  citric  acid 
may  be  added  to  the  solution."  As  an  example  of  one  way  of  carrying 
out  the  invention,  a  bath  may  be  prepared  by  adding  to  10  pounds  of 
pure  water*  i  pound  of  the  double  sulphate  of  cobalt  and  ammonium,  J 
pound  of  sulphate  of  magnesium,  ^  pound  sulphate  of  ammonium, 
I  ounce  of  citric  acid,  and  2  ounces  of  carbonate  of  ammonium.  The 
solution  may  be  used  warm  or  cold,  but  if  heated  to  at  leatit  35''  G. 
(95^  Fahr.)  gives  a  brilliant  deposit  with  g^reater  readiness  than  when 
used  cold.  Another  metiiod  of  carrying  out  the  invention  is  as  follows : 
— Half -a-pouud  of  sulphate  of  cobalt  is  dissolved  in  4  pounds  of  pure 
water  ;  i  pound  of  sulphate  of  magnesium  is  dissolved  in  4  pounds  of 
water ;  these  solutions  are  mixed,  and  water  added  to  make  up  i 
gallon.  A  quantity  of  sulphate  of  ammonium,  not  exceeding  | 
pound,  may  with  advantage  be  added.  In  cairying  out  this  process, 
the  author  states  that  good  deposits  of  cobalt  are  obtained,  when 
either  of  the  above  solutions  is  diluted  with  an  equal  bulk  of  water, 
but  in  that  case  a  stronger  current  in  proportion  to  the  surface  of 
deposition  must  be  employed.  *'  The  best  current  density,"  says  the 
inventor,  ''  I  find  to  be  not  less  than  i  ampere,  nor  more  than  4  am- 
peres per  square  foot  of  depositing  surface,  but  a  somewhat  stronger 
current  may  be  advantageously  employed  during  the  first  few  minutes 
of  dex>OBitiim,  so  as  to  secure  a  rapid  striking  film  on  the  surface,  the 
current  density  being  diminished  so  soon  as  the  surface  is  once 
covered  with  a  film."  The  work  to-  be  coated  by  this  process  must 
be  scrupulously  clean,  and  otherwise  prepared  in  the  same  manner  as 
for  nickel-plating. 

Vhm  SKannfiMtiir*  of  Parabollo  Xttfl«eton  Iter  Baarch 
Ughts,  cte. — Mr.  S.  O.  Gowper  Coles  has  devised  a  very  effective 
and  ingenious  method  of  preparing  accurately  parabolic  reflectors  for 
tearch  lights,  etc.,  by  means  of  electro-deposition. 

The  older  form  of  search  light  mirror  was  made  of  glass  cast  and 
cat  as  nearly  as  possible  to  the  shape  of  a  true  paraboloid  of  revolu- 
tion on  both  sides  and  the  glass  was  then  silvered  by  one  of  the 
ordinarily  employed  methods.  The  drawbacks  to  this  form  of  reflector 
were  the  great  expense,  the  weight,  the  doubly  reflecting  surface,  and 
lastly  its  very  brittie  nature.     A  single   rifle  shot  through  such  a 

*  By  pure  water,  the  inventor  explains,  is  meant  simply  newly-boiled  and 
filtered  water,  or  preferably  distilled  water. 
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mirror  will  shfttter  it  irretrieyably,  whilst  the  firing  of  heavy  gnus  on 
a  man>of-wary  on  which  it  is  mounted,  will  it  is  said  sometimes  bo 
safficient  to  break  such  reflectors,  and  the  heat  of  the  arc  light 
employed  may  also  crack  the  glass  or  damage  the  silvering.  Mr. 
Gowper  Coles*  process,  which  he  folly  described  in  a  paper  read  before 
the  Institution  of  Electrical  Engineers  {Jowmaly  vol.  27,  1898,  p.  99), 
has  overcome  all  these  troubles  very  sucoessf ally  by  means  of  an 
eleotrolytically  deposited  mirror.  This  form  of  minor  is  said  to  be 
now  largely  used  in  the  navy. 

In  the  paper  above  referred  to  Mr.  Cowper  Coles  says: — "My 
process  is  an  electrolytic  one,  and  one  of  the  chief  features  of  it  is 
that  the  surface  obtained  requires  no  after  polishing  or  trueing  up. 
When  once  a  true  mould  has  been  produced  any  number  of  reflectors 
can  be  taken  from  it  »t  a  small  cost.  A  glass  mould  is  prepared,  the 
convex  side  of  which  is  accurately  shaped  and  polished  to  form  a  true 
parabolic  or  other  reflecting  surface.  As  the  mould  only  requires 
shaping  and  polishing  on  the  convex  side  it  is  comparatively  cheap 
as  compared  with  a  glass  reflector  which  has  to  be  ground  on  both 
sides.  On  the  prepared  surface  is  deposited  a  coating  of  metallic 
silver,  thrown  down  chemically  on  the  glass,  and  then  polished,  so  as 
to  ensure  the  copper  backing,  afterwards  to  be  applied,  being 
adherent  to  the  silver.  The  monld  thus  prepared  is  placed  in  a  suit- 
able ring  and  frame  (Fig.  125),  and  immersed  in  an  electrohrte  of 
copper  sulphate,  the  mould  being  kept  horizontal  and  rotated  about  a 
vertical  axis,  e,  at  a  speed  of  about  fifteen  revolutions  per  minute,  and 
copper  is  then  deposited  on  the  silver  by  means  of  an  electric  current. 
The  copper  adheres  firmly  to  the  silver  and  together  they  form  the 
reflector,  which  is  subsequently  separated  from  the  glass  by  placing  the 
whole  in  cold  or  lukewarm  water  and  then  gradually  raising  the  tem« 
perature  of  the  water  to  120®  Fahr.,  when  it  is  found  that  the  metal 
reflector  leaves  the  glass  motdd  owing  to  the  unequal  expansion^of  the 
glass  and  the  metal.  The  concave  surface  of  the  reflector  obtidned  is 
an  exact  reproduction  of  the  surface  of  the  mould  and  has  the  same 
brilliant  lustre  and  requires  no  further  polish.  It  was  indeed  stated 
in  the  discussion  on  the  paper,  that  any  attempt  at  polishing  the 
surface  perceptibly  damaged  the  trueness  of  the  metal  surface.  In 
order  to  prevent  tarnishing,  the  surface  of  the  silver  is  however  coated 
eleotrolytically  with  palladium,  which  gives  a  good  reflecting  surface 
and  resists  tarnishing  and  the  heat  of  the  arc  to  a  wonderful  degree. 
Mr.  Coles  states  that  the  cost  of  palladium  is  at  present  about  double 
that  of  platinum ;  but  that  as  it  has  about  only  one  half  the  density  the 
same  area  may  be  plated  at  about  the  same  cost  with  either  palladium 
or  platinum.  It  melts  at  about  the  melting  point  of  wrought  iron 
and  does  not  readily  tarnish,  neither  is  it  readily  attacked  by  either 
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sulpburio  or  hydrochloric  acid.  In  carrying  out  the  maunfaoture  of 
reflectors  by  this  process  it  is  essential  that  the  glass  mould  shonld  be 
perfectly  clean  and  free  from  grease  before  the  ailver  coating  is 
applied.    It  has  been  fonnd  howerer  that  if  the  cleaning  is  solely 


Fig.  125. 

affected  by  chemical  means  there  is  a  g^reat  liability  of  the  silyer 
adhering  too  firmly  to  the  glass,  "whereby  the  mould  is  in  danger  of 
being  broken  daring  the  removal  of  the  reflector.  This  difficulty  has 
been  overcome  by  cleaning  the  glass  mould  wit  h  a  suitable  paste  or  powder, 
such  us  peroxide  of  iron,  and  then  removing  such  paste  or  powder 
by  washing  the  glass  with  a  50  per  cent,  solution  of  ammonia.    It  is 
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necesaftiy  that  this  deaning  operation  ahould  be  repeated  prior  to  the 
prodnotion  of  each  reflector.  After  the  convex  side  of  the  mould  has 
been  properly  deansed  as  described,  a  thin  coating  of  metallic  silver 
is  applied  as  follows  : — Ammonia  is  added  to  a  solution  of  nitrate  of 
silver  until  the  precipitate  that  is  first  formed  is  re-dissolved,  then 
re-preoipitating  bj  caustic  soda,  again  dissolving  in  ammonia  and 
then  adding  glucose  to  the  solution.  Excellent  results  have  been 
obtained  with  a  silvering  solution  made  up  of  equal  parts  of  solutions 
of  the  following  strengths: — Silver  nitrate,  0-5  per  cent;  caustic 
potash,  0*5  per  cent. ;  glucose,  0*25  per  cent.  The  surface  of  the 
mould  to  be  coated  is  immediately  dipped  into  the  solution  face  down- 
wards. In  from  four  to  five  minutes  the  silver  beg^ins  to  form  on  the 
glass  mould,  the  solution  changing  from  pink  to  dark  brown  and  black, 
the  film  thickens  quickly  and  in  from  thirty  to  thirty-five  minutes  a 
good  coating  of  silver  is  deposited.    Dr.  Common  has  found  a  good 

deposit  of  silver  to  be  equal  to  a  thickness  of    a        of  an  inch.    The 

2o,000 

silver  coating  is  thoroughly  washed  and  then  allowed  to  dry,  and  the 
silver  which  has  been  deposited  is  burnished  bright  with  a  piece  of 
cotton  wool  and  peroxide  of  iron,  preferably  precipitated  by  ammonia 
from  a  dilute  solution  of  ferrous  sulphate.  The  cost  of  silvering  is 
found  to  vary  from  2d.  to  4d.  per  inch  diameter  of  the  mirror. 

During  the  operations  above  described  the  glass  mould  (which  in 
the  case  of  large  mirrors  is  of  considerable  weight)  is  handled  by 
means  of  a  rubber  sucker  placed  on  the  concave  side  of  the  mould. 
The  mould,  when  silvered  and  burnished,  is  attached  to  the  frame 
figured  above,  by  means  of  which  the  silvered  surface  is  eleutro- 
lytically  connected  to  the  terminals  of  the  current  generator.  The 
mould  is  suspended  horizontally  with  its  convex  silvered  face  down- 
wards in  a  tank  of  the  copper  sulphate  electrolyte.  The  anode 
copper  plate  is  at  the  bottom  of  this  tank.  The  anode  plat<o 
is  beneath  it  and  is  flat,  for  this  shape  is  found  more  advantageous 
than  a  concave  plate  because  it  tends  to  prevent  the  formation 
of  copper  trees  at  the  edg^  of  the  mould,  and,  moreover,  gives  a 
deposit  gradually  thickening  towards  the  centre  of  the  mirror.  In 
placing  the  mould  in  the  electrolyte,  in  the  first  instance,  it  is 
necessary  to  insert  it  edge-ways,  for  if  it  is  put  down  horizontally 
the  thin  silver  edg^s  have  to  carry  the  whole  of  the  current,  which 
is  rather  strong  at  first;  by  this  gradual  edge- ways  insertion  of 
the  mould  in  the  electrolyte,  it  causes  the  surface  to  be  uniformly 
wetted  and  a  thin  film  of  copper  is  deposited  first  at  the  places  of 
contact  of  the  conductors  near  the  edge  of  the  mould ;  the  mould 
is  finally  allowed  gradually  to  assume  the  horizontal  position  in 
the    liquid,    and    the    current  is  worked  at  a  pressure  of    about 
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nine    volts    for    a    few  minutes,   after  which  the  current  density 
is    reduced.      The    strong  current  employed    at  first  is    in   order 
to  rapidly  coat  or  flash  the  silver  surface  with  copper,  a  precaution 
which,  the  inventor  states,  it  is  very  important  to  oheerve,  presumably 
because  otherwise  the  silver  coating  would  be  partially  dissolved  in 
the  electrolyte.      When  the    flashing  is  completed    the  shaft  and 
mirror  which    it    supports    are    rotated    about  15   revolutions  per 
minute,  and  the  operation  of   depositing  the  base  metal  continued 
with    a    current  density   of  about    19    amperes  per    square   foot. 
The    copper  solution   employed    has   the  following  composition:  — 
Copper    sulphate    crystals,     13    parts    per    cent. ;    sulphuric   acid 
(strongest  acid),   3  paits  p'^r  cent.;  and  water,  84  parts  per  cent, 
by  weight.  When  the  copper  backing  is  sufficiently  thick  the  mirror  U 
detached    from  the  mould    by  means  of   warm  water  as  already 
described.     The  concave  surface  of  the  mirror  is  next  coated  with 
a  bright  coating  of  electro-deposited  palladium.    This  is  performed 
by  placing  the  reflector  in  a  solution  containing  0*62  per  cent,  of 
palladium    ammonium    chloride    added   to   I    per  cent,  solution  of 
ammonium  chloride.    The  solution  is  used  at  a  temperature  of  75'' 
Fahr.,  and  the  current  density  is  such,  that  a  2 -foot  refleotor  takes 
about  0*5  ampere  ;  the  e.  m.  f .  required  at  the  terminals  of  the  bath 
being  from  4  to  5  volts.    The  plating  is  performed  in  an  earthenware 
pan,  B,  Fig.  126.     The  anode  employed  is  of  carbons,  and  of  only 
a  few  inches  cross-section;   it  swings  in  every  direction  over  the 
mirror  surface.     Seventy  to  80  grains  of  the  palladium  to  the  super- 
ficial foot  is  found  to  afford  a  good  protective  coating.     The  silver- 
faced  reflector,  previous  to  being  placed  in  the  palladium  solution,  is 
thoroughly  washed  with  a  weak  solution  of  caustic  soda.     The  back 
of  the  reflector  is  varnished  before  placing  in  the  palladium  solution. 
After  coating  with  palladium  the  reflector  is  removed  from  the  elec- 
trolyte and  dipped  into  boiling  water,  and  then  placed  in  boxwood 
sawdust  which  is  kept  hot  by  means  of  a  steam  jacket.    The  reflector 
is  then  complete  and  ready  to  be  mounted  in  a  suitable  ring  frame. 
Salt  water  thrown  on  the  surface  of  these  reflectors  when  much  too 
hot  to  touch,  results  in  the  water  evaporating,  leaving  a  crust  of 
salt  which  may  be  brushed  off  with  a  wet  cloth  and  leaves  no  per- 
manent mark.    Although  palladium  does  not  give  as  white  a  light 
as    perfectly  clean    and    bright    silver,   yet    owing    to    the    tar- 
nishing of  the  silver  the  palladium  is  finally  by  far  the  most  satis- 
factory.    Kickel  was  found  to  be  quite  unsuitable.     The  bluish  white 
deposit  from  arc  lamp  carbons  is  said  to  wipe  off  from  the  surface  of 
palladium  without  damaging  it.    The  weight  of  the  metal  mirrars 
is  not  more  than  one-half  or  one-sixth    of  that  of  glass   mirrors 
made  by  different  manufacturers. 
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The  reflecting  power  of  seyeral  different  bright  metal  Burfaoes  was 
found  to  be  as  follows : 

Silver 100 

Chromium 100 

Platinum 74 

PaUadinm 64 

The  reflecting  power  of  silver  being  taken  as  lOO  (S.  O.  Cowper- 
Coles,  Electrieiant  vol.  44,  1899,  p.  267). 


Fig.  126. 


n 


'  flllTMr-Platlnff. — What  was  a  verj  promising  aystem 
of  electro  silver-plating,  was  brought  out  in  about  1890,  under  the 
title  of  ^*  Areas  "  silver-plating.  This  method  of  plating  consisted 
in  depositing  with  silver  a  certain  percentage  of  metallic  cadmium. 
In  fact  a  deposit  of  an  alloy  of  silver  and  cadmium  was 
deposited  instead  of  pure  silver,  as  is  done  in  the  more  usual 
method  of  silver-plating.  The  colour  and  general  appearance 
of  the  plated  articles  was  quite  as  good  as  that  of  the  best  silver 
electro-plate,  but  the  substitution  of  cadmium  to  the  extent  of  25 
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per  cent,  of  the  sUver  of  oonrse  reduces  the  cost  of  the  metal  plating 
film.  The  cost  of  cadmium  ia  about  threepence  per  ounce,  whilst 
BLlver  costs  more,  nearly  thirty  pence ;  the  cost  of  the  cadmium  silver 
alloy  containing  25  per  cent,  of  cadmium  is  therefore  about  22  pence 
per  ounce.  This  economy  in  the  cost  of  the  plating  metal  therefore 
offers  a  reasonable  chance  of  extra  profit  if  the  extra  care,  which  is 
undoubtedly  required  in  plating  alloys,  is  not  so  great  as  to  unduly 
raise  the  cost  of  labour.  The  complete  patent  for  this  process^  which 
was  devised  by  Mr.  S.  O.  Cowper  Coles,  is  English  patent,  1,391,  1892. 
The  Syndicate  which  worked  the  process  for  some  twelve  or  fourteen 
months  advertised  the  cost  of  plating  by  this  means  in  December, 
189 1,  at  the  following  rates : 

&  8.    d. 
Spoons  and  forks,  fiddle  and  old  English 

table per  doz.  o  z6    2 

Spoons  and  forks,  fiddle  and  old  English 

dessert ,»  o  14    5 

Spoons,  tea „  085 

Dessert   knives    and    forks,   with    plated 

handles  .••....  per  doz.  pairs  i  12    3 

The  prices  of  a  few  well  known  articles  are  selected  from  a  long 
list  advertised,  as  indicating  the  cost  yielding  a  satisfactory  profit  at 
which  good  work  could  be  done.  The  advertisement  concludes 
that  "  the  prices  are  for  plating  in  the  best  manner,  and  include  all 
ordinary  repairs  ;  a  cheaper  quality  may  be  had  if  required.  Special 
quotations  offered  for  quantities." 

The  solution  employed  consisted  of  an  alkaline  cyanide  solution  con- 
taining about  half  an  ounce  of  silver  per  gallon  and  about  11 -5 
ounces  of  cadmium  per  gallon.  This  electrolyte  is  best  prepared  by 
dissolving,  say  an  ounce,  of  metallic  silver,  and  23  ounces  of  metallic 
cadmium  in  sufficient  nitric  acid,  as  described  on  p.  228.  Make  up 
with  distilled  water  or  rain  water  to  about  two  pints,  next  add 
sodium  carbonate  or  sodium  hydrate  solution  until  a  permanent  pre- 
cipitate just  begins  to  form,  stirring  well  all  the  while  with  a  glass 
rod  or  tube.  Then  add  gradually,  with  constant  stirring,  sufficient  of 
a  solution  of  pure  potassium  cyanide  until  all  the  metals  are  precipi- 
tated, excess  of  cyanide  must  be  carefully  avoided.  Then  allow  the 
precipitate  to  settle,  and  wash  two  or  three  times  by  decantation  a^ 
described  on  p.  230  of  this  work ;  finally  add  gradually  sufficient  of 
the  cyanide  solution  to  just  dissolve  all  the  precipitates,  and  also 
add  a  further  excess  of  the  cyanide  solution  equal  to  one  quarter  of 
that  already  added  which  was  required  to  dissolve  all  the  precipitate. 
The  solution  is  made  up  to  2  gallons  and  is  worked  warm  at  a  tempera- 
ture of  about  50"  C.  Tho  purest  commercial  potaijhium  cyanide,  such  as 
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is  employed  for  gold  ore  treatment  only  should  be  employed,  both  in 
this  case  and  whenever  cyanide  plating  solutions  are  to  be  prepared. 

If,  when  working  this  solution,  it  is  found  that  the  anodes  become 
coated,  a  farther  amount  of  the  cyanide  solution  must  be  added. 

The  anodes  consist  of  an  alloy  of  silver  and  cadmium,  and  con- 
tain about  six  parts  of  silver  to  one  part  of  cadmium,  that  is,  about 
15  percent,  of  cadmium.  The  alloy  of  25  per  cent,  cadmium,  when 
rolled  cold,  is  somewhat  brittle,  and  breaks  up  into  curious  triangular 
prisms,  whose  long  edges  are  parallel  to  the  rolls  as  shown  in 
Fig.  127,  which  is  taken  from  Induatriea  of  April  8th,  1892.  The 
15  per  cent,  cadmium  alloy,  especially  if  rolled  at  a  moderately  high 
temperature,  does  not  show  this  peculiarity.  The  patent  also  claims 
the  plating  with  alloys  of  bilver  and  zinc,  with  or  without  cadmium, 
but  the  employment  of  zinc  was  found  not  to  be  so  satisfactory  as 
cadmium,  and  was,  I  belieye,  employed  little  or  not  at  all.  The 
difficulties  which  are  experienced  in  the  electro-deposition  of  alloys 
and  the  precautions  which  it  is  necessary  to  take  are  well  known,  and 
are  set  forth  in  most  works  upon  electro-plating  (see  p.  374  of  this 
work).  The  ordinary  brass  plater  judges  of  the  nature  of  the  deposits 
which  he  is  obtaining  chiefly  by  its  colour,  and  is  in  this  way  g^ded  in 
his  treatment  of  the  bath.  Too  much  copper  in  the  solution  and  a 
weak  current  density  are  both  favourable  to  the  deposition  of  excess 
of  copper,  the  more  electro-negative  element,  whilst  excess  of  zinc  in 
the  solution  and  a  high  current  density  are  favourable  to  the  deposit 
of  excess  of  zinc.  The  solution  is  colourless  or  nearly  so,  and  in  order 
to  regulate  the  nature  of  the  brass  deposited,  the  plater  watches  the 
colour  of  the  deposit  on  the  cathode  and  regulates  his  current  and  com- 
position of  electrolyte  as  this  indication  dictates.  But  when  electro- 
plating with  an  alloy  of  cadmium  and  silver  the  plater  is  deprived  of 
the  valuable  assistance  which  colour  affords  him  in  the  case  of  brass. 


Fig.  127. 

An  Botal  SllT«r-Flatin8  Plant. — The  Hotel  Mctropole  in  New 
York  undertaken  its  own  electro -plating.  The  plant,  whi(;h  has  been 
in  operation  for  »ome  time,  is  stated  by  the  Eleetrical  Engineer  of  New 
York  to  have  fully  repaid  tlie  firHt  cost  of  installation,  and  has  demon- 
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Btrated  the  economy  and  feasibility  of  this  novel  scheme.  The  United 
Electric  Light  and  Power  Company,  which  suppliee  alternating  current 
to  the  hotel,  leads  its  high  potential  circuit  into  the  sab-cellar,  where  it 
is  trangformed  to  220  volta  by  means  of  two  i,cxx>  Ught  converters.  In 
close  proximity  to  this  place  the  hotel  management  has  installed  the 
silver-plating  plant,  which  consists  of  the  following  apparatus : — ^A  two 
horse-power  200  volt  2  phase  alternate  current  Tesla  motor,  running  at 
1,800  revolutions  per  minute,  belted  by  means  of  a  countershaft  to  a 
buffer  running  at  3,000  revolutions  per  minute,  and  a  plating  dynamo 
delivering  75  amperes  at  a  pressure  of  5  volts,  the  necessary  fuses,  an 
overload  circuit  breaker,  and  the  conductors,  which  in  this  case  are 
hollow  copper  tubes  leading  to  the  various  vats.  There  are  in  aU  four 
of  these  vats,  holding  25  gallons  of  liquid,  and  containing  respectively 
the  nickel,  copper,  silver,  and  striking  solutionB.  As  the  operator  of 
this  plant  is  not  kept  busy  constantly,  the  guests  not  eating  the  silver 
off  with  sufficient  rapidity,  he  devotes  the  remainder  of  his  time  to  the 
buffing  of  the  silver  wire.     (The  £leelrieian,  vol.  41,  1899,  p.  487.) 

An  artide  gfiving  a  usefiiL  review  of  the  various  conditions  which 
have  to  be  fulfilled  in  order  to  obtain  an  economical  working  of  electro- 
plating plants  is  published  by  G.  F.  BurgesS|  in  the  Western  Eleeiri" 
eian  (vol.  22,  pp.  195-197,  1898). 

Alnminlnm—It  has  been  frequently  stated  that  aluminium  can 
be  eleotxo-deposited  from  aqueous  solutions  of  its  salts  in  a  similar 
manner  to  either  zinc  or  copper.  Many  patents  have  been  taken  out 
for  processes  of  this  character,  some  of  which  were  described  in  an 
earlier  edition  of  this  book,  and  practically  all  of  which  are  described 
in  J.  W.  Richard's  treatise  on  Aluminium,  1890,  published  by 
Carey  and  Baird,  Philadelphia.  The  present  writer  has  never,  how- 
ever, seen  any  sample  of  aluminium  so  deposited  and  has  never  heard 
of  any  well  authenticated  case  of  it  having  been  so  obtained.  Even 
if  it  were  possible  to  deposit  aluminium  in  this  way  it  is  in  the 
highest  degree  probable  that  the  cost  involved  would  render  the  pro- 
cess useless  conmieroially.  It  is,  therefore,  not  necessary  to  discuss 
any  of  these  processes  here. 

Copper  and  iron  may,  it  is  stated,  be  coated  with  aluminium  by 
carefully  cleaning  these  metals  and  plxmging  them  under  the 
surface  of  molten  aluminium  in  a  similar  manner  to  that  adopted  in 
the  so-called  hot  galvanising  process  in  which  iron  is  coated  with 
metaUio  zinc.  The  writer  is  not  aware  that  the  actual  details  of 
this  method  have  been  published,  that  is  to  say,  the  best  temperature 
of  the  melted  aluminium  bath,  the  best  fluid  With  which  to  cover  its 
suil'ace,  and  the  best  method  of  preparing  the  metallic  surfaces  which 
are  to  be  coated  with  the  aluminium  has  not  been  stated.  Nor  has 
any  published  statement  been  made  as  to  the  weight  of  aluminium 
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taken  np  per  square  foot  of  Hurface  and  the  best  treatment  of  the 
surface  after  coating. 

Aluminium  may  be  electrically  deposited  ujMn  any  other  metal 
having  a  higher  melting  point  than  aluminium  chloride,  or 
cryolite,  by  passing  an  electric  current  through  a  molten  bath  of  this 
salt  to  the  metal  plate,  upon  which  the  aluminium  is  to  be 
deposited.  The  deposit  obtained  hitherto  however  is  powdery  and 
non-metallic  in  appearance,  and  probably  even  if  a  better  looking 
deposit  could  be  obtained  by  some  modification  of  this  process, 
the  cost  would  be  somewhat  high. 

Metals  have  been  plated  with  aluminium  by  means  of  a  process 
somewhat  similar  to  the  Sheffield  silver  plating  process  since  a  very 
early  date,  and  it  is  quite  possible  that  at  present,  the  cost  of  alnmi* 
nium  having  fallen  so  low,  some  further  application  of  this  process 
may  become  commercially  successful.  Deville,  as  quoted  by  Bichards, 
states  in  1859,  that  **M.  Sevrard  succeeded  in  1854  in  plating 
aluminium  on  copper  and  brass  with  considerable  perfection.  The 
two  metallic  surfaces  being  prepared  in  the  ordinary  manner  and 
well  scoured  with  sand,  they  are  placed  one  on  the  other  and  held 
tightly  between  two  iron  plates.  The  packet  is  then  heated  to  dark 
redness  at  which  temperature  it  is  strongly  compressed.  The  veneer 
becomes  veiy  firmly  attached  and  sheets  of  it  may  be  beaten  out. 
I  have  a  specimen  of  snch  work  perfectly  preserved.  The  delicate 
point  of  the  operation  is  to  heat  the  packet  just  to  that  point  that  the 
adherence  may  be  produced  without  fusing  the  aluminium,  for  when 
it  is  not  heated  quite  near  to  this  fusing  point  the  adherence  is  incom- 
plete. Experiments  of  this  kind  with  copper  and  aluminium  foil  did 
not  succeed,  for  as  soon  as  any  adherence  manifested  itself,  the  two 
metals  combined  and  the  foil  disappeared  into  the  copper.  In  an 
operation  made  at  to^^  low  a  temperature  the  two  metals,  as  they  do 
not  behave  similarly  on  rolling,  become  detached  after  a  few  passes 
through  the  rolls.  Since  then  the  experiments  in  veneering  idnmi* 
nium  on  copper  with  or  without  the  intervention  of  stiver  has 
succeeded  very  well."  Deville  stated  later  in  1862,  that  Chatel  had 
brought  this  art  to  perfection,  the  veneered  plates  being  used  largely 
for  reflectors,  etc.,  in  place  of  silver-plated  material. 

Dr.  Clemens  Wincklpr  ("Industrie  Blatter,"  1873),  says:  "The 
coating  of  other  metals  with  aluminium  by  the  so-called  plating 
method  is  according  to  my  own  experience  possible  to  a  certain  degree, 
but  the  product  is  entirely  useless,  every  plating  requiring  an  incipient 
fusing  of  both  metAis  and  their  final  intimate  union  by  rolling.  The 
ductility  of  aluminium  is  however  greatly  injured  by  even  a  slight 
admixture  with  other  metals,  iron  makes  it  brittle  and  a  small  per- 
centage of  copper  makes  it  as  fragile  as  glass.     If,  therefore,  it  were 
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possible  to  fnse  a  coating  of  alnTnininm  upon  another  motal  an  inter- 
mediate alloy  would  be  formed  between  the  two  metHlM,  from  which 
alloy  all  ductility  would  be  gone  and  which  would  crumble  to  powder 
under  pressure  of  the  rolls,  thus  sep<irating  the  aluminium  surface 
from  the  metal  beneath.  But  even  if  it  were  possible  to  coat  a  metal 
in  this  way  with  a  thin  plate  of  aluminium  it  is  doubtfiil  if  any 
advantage  would  be  obtained.  For  while  compact  aluminium  resists 
oxidising  and  sulphurising  agencies,  the  divided  metal  does  not.  In 
powder  or  leaves  aluminium  is  readily  oxidised.  In  the  form  of  a 
coating  upon  other  metals  it  must  necessarily  be  in  a  somewhat  finely 
divided  state  and  hence  would  probably  lose  its  durability." 

With  rt-gard  to  the  electro-deposition  of  gold,  sUver,  and  other 
metals  upon  alumininm  surfaces,  Deville  remarks — '*  that  the  prooeFs 
is  difficult  if  good  adhesion  is  desired,"  he  however  adds  that"M. 
Mourey  has  been  very  successful  in  obtaining  deposits  of  gold  and 
silyer  upon  aluminium  surfaces  by  means  of  the  electric  current 
passed  through  baths  of  aqueous  metallic  solutions."  The  nature  of 
the  solutions  and  details  of  the  process  are  not  however  pablished. 
DeviUe  further  states  that  M.  Hulot  has  succeeded  in  electro-plating 
copper  upon  aluminium  from  an  acid  solution  of  copper  sulphate. 

Aluminium  may  also  be  coated  with  g^ld,  by  the  process  of  simple 
immersion,  described  by  Tissier  Bros,  as  follows: — ''Eight  grammes 
of  gold  are  dissolyed  in  aqua  regia,  the  solution  dilated  with  water 
and  left  to  digest  during  twenty-four  hours  with  an  excess  of  lime. 
The  precipitate  with  the  lime  is  well  washed  and.  then  treated  with  a 
solution  of  twenty  grammes  of  hyposulphite  of  soda.  The  liquid 
resulting  serves  for  the  gilding  of  aluminium  without  the  aid  of  heat 
or  electricity,  the  metal  being  simply  immersed  in  it  after  being 
previously  well  cleaned  by  the  successive  use  of  caustic  potash,  nitric 
acid,  and  pure  water."  Very  probably  analogous  methods  might  be 
used  to  coat  aluminium  with  silver,  copper,  etc.,  if  such  a  coating 
were  desirable. 

Aluminium  may  be  coated  with  g^ld  or  silyer  by  a  hot  plating 
process,  described  by  Morin  as  follows  : — **  Sheet  silver  is  laid  on  the 
clean  aluminium  surface,  a  steel  plate  is  placed  oyer  the  silver  and 
the  whole  is  bound  into  a  packet  with  fine  copper  wire.  Two  large 
cast  iron  blocks  are  heated  to  a  dark  red  heat,  the  packet  placed 
between  them,  and  a  pressure  of  ten  tons  per  square  inch  is  gradually 
applied  and  kept  up  for  fifteen  minutes;  when  removed  from  the 
hydraulic  press  they  can  be  rolled  like  silvered  copper  when  brought 
to  the  proper  heat.  The  plating  with  gold  succeeds  best  if  a  thin 
leaf  of  silver  is  slipped  between  the  two  sheets  of  metal,  the  opera- 
tion proceeds  then  exactly  as  above."  Platinum  may  be  plated  on 
aluminium  just  as  "  easily  as  silver." 
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Maigot*8  prooeRH  for  coating  alaminium  with  other  metals  is  as 
follovTH:— Tho  coating  of  oxido  on  the  Mirfaco  of  the  alumininin« 
which  ifl  thft  c.liief  cau^o  of  any  difficulty  found  in  plating  this 
metal,  is  removed  by  treating  it  first  by  immersion  in  a  solution  of  an 
alkaline  carbonato  and  then  by  rinsing  with  hot  dilute  hydrochloric 
acid  (one  part  of  acid  to  twenty  of  walt'i ),  and  finally  by  immersing 
in  a  dilute  solution  of  copper  sulphate.  This  last  treatment  causes 
the  deposition  of  a  film  of  the  copper  over  and  closely  adhering  to  the 
aluminium  surface,  and  upon  this  any  other  metal  dchired  may  be 
satisfacioril}  deposited  by  the  u.vual  metl.uds. 


PAET  II.— ELECTRO-METALLURGY. 


CHAPTER    I. 

THE  ELECTRO-METALLURGY  OF  COPPER- CHIEFLY 

HISTORICAL. 

Electro-Metallurgy. — The  Electric  Refining  of  Copper  by  Separate  Current.— 
Dr.  Kiliani's  Obseryationa  on  Electrolytic  Refining  of  Copper. — Progress 
in  Electrolytic  Copper  Refining  up  to  1889. — Elkington's  Copper  Be- 
finery.—Wohl will's  North  German  Heflnery  at  Hamburg. — The  Biache 
Refinery. — Hilarion  Roux's  Marseilles  Refinery. — The  Oker  Refinery.— 
The  Elliott  Metal  Itefintng  Company's  Refinery  at  Birmingham. — 
Electrolytic  Refining  in  America.— Early  Attempts  at  Ei^timates  of  Cost 
of  Refining  Copper. 

Application  of  tbe  Term. — The  term  Eleetro-meiallurgyy  which 
^aa  applied  by  the  late  Alfred  Smee  to  the  art  of  electro-deposition  of 
metals  generally,  la  now  more  correctly  applied  to  the  refining  or 
purification  of  metals,  and  to  their  separation  or  extraction  from  ores 
by  electrolysis.  This  important  branch  of  electro-chemistry,  the 
practical  development  of  which  had  long  been  the  dream  and  the  hope 
of  electricians,  has  during  the  past  twenty  years  gradually  developed 
into  an  art  of  considerable  magnitude,  while  the  great  improvements 
in  magneto  and  dynamo -electric  machines  which  have  been  made 
within  a  comparatively  recent  date  have  given  a  stimulus  to  this  field 
of  enterprise  which  is  likely  to  render  it  one  of  the  most  important  in 
its  employment  of  electric  machinery.  That  these  great  results  could 
never  have  been  profitably  obtained  by  means  of  voltaic  electricity  is 
beyond  all  question. 

An  early  investigation  of  this  subject  was  made  by  Maximilian^ 
Duke  of  Leuchtenberg,  in  the  year  1847,  who  proved  that  impure 
copper  containing  precious  metals  could  be  refined  so  as  to  yield  pure 
oopper,  and  leave  the  precious  metals  in  a  condensed  form  zeady  for 
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further  treatment.  He  moreover  recogniBed  the  great  infiuenoe  which 
hlB  discovery  would  eventually  have  in  connection  with  practical 
metallurgy.  At  this  time,  it  must  be  remembered,  electrolytio 
operations  were,  with  the  exception  of  Woolrich*B  mag^eto-electiio 
machine,  wholly  conducted  by  means  of  the  current  from  Toltaio 
batteries,  which  rendered  the  following  up  of  this  discovery  for  00m- 
meroial  purposes  practioally  impossible.  The  introduction  of  Wilde's 
magneto-electric  machine  in  1865  may  fairly  be  taken  as  the  starting- 
point  from  which  success  in  this  direction  became  possible  as  regards 
the  means  of  obtaining  electric  power.  In  the  same  year  Mr.  J.  B. 
Elkington  introduced  a  practiee  process  for  refining  copper  by  elec- 
trolysis, and  which,  worked  by  currents  from  Wilde  s  successful 
machines,  soon  placed  the  art  of  refining  copper  electrolytically  upon 
a  sound  practical  basis.  A  brief  description  of  this  process  will  be 
given  farther  on. 

There  can  be  no  doubt  that  the  first  instance  of  the  application  of 
electrolysis  in  metallurgy  was  in  the  production  of  what  is  termed 
** cement''  copper  in  the  wet  method  of  treatment.  The  drainage 
water  of  copper  mines  is  frequently  charged  with  sulphate  of  oopper, 
due  to  the  oxidation  of  the  sulphide  contained  in  the  ore,  and  it  is 
from  these  cuprous  liquors  that  the  cementation  copper  is  obtained. 
The  wet  process  is  particularly  adapted  to  the  treatment  of  the  i)Oorer 
oxidised  ores,  especially  where  fuel  is  scarce.  These  ores  are  treated 
with  acid,  either  hydrochloric  or  sulphuric,  or  with  a  solution  of 
ammonia,  all  three  of  which  are  good  solvents  of  the  oxides  of  copper. 
The  precipitation  is  effected  in  the  copper  solution  by  placing  iron  in 
it.  The  action  is  the  result  of  electrolysis  {WiUiains).*  The  cuprous 
solution  being  placed  in  large  tanks,  fragments  of  iron  are  immersed 
and  the  copper  becomes  reduced  to  the  metallic  state  in  the  form  of  a 
spongy  deposit  to  which  the  term  *'  cementation  copper"  is  applied. 
The  first  patented  improvement  on  the  above  method,  and  which 
may  also  be  considered  the  first  application  of  a  distinctly  electrolytic 
process  to  the  reduction  of  copper,  was  due  to  MM.  Dechaud  and 
Gaultier,  of  France,  the  patent,  dated  1846,  being  for  '*  Improvements 
in  the  extraction  of  copper  from  its  ores,  founded  particularly  on 
electro-chemical  methods." 

Bl^etrolytlo  Reflnlng  of  Copper  1»y  floparato  Onrront. — ^Thia 
method  of  obtaining  pure  copper  is  now  most  extensively  carried  on 
in  various  parts  of  England,  on  the  Continent,  and  in  America, 
the   amount   of   pure  metal    annually   produced   being   enormous. 


*  **  Mineral  Resources  of  the  United  States,"-  by  Albert  Williams.    Govern- 
ment Printing  Office,  Washington,  1883. 

X  z 
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One  great  advantage  of  this  method  of  refining  is  that  the  crude 
coppers  operated  upon  frequently  contain  considerable  quantities  of 
gold  and  silver,  which  valuable  metals  become  entirely  removed  from 
the  impure  metal,  and  are  readily  recovered  by  ordinary  refining 
processes.  Another  important  feature  in  this  system  is  that  when  the 
X)roce88  is  properly  conducted  the  copper  obtained  is  pure — a  most 
important  consideration  when  the  metal  is  required  for  conducting 
electricity,  as  in  the  case  of  wire  for  submarine  cables,  telegraphs,  and 
the  wires  employed  in  the  construction  of  magneto  and  dynamo- 
electric  machines,  and  other  electrical  apparatus.  Bespecting  the 
presence  of  gold  in  copper  refined  by  the  ordinary  method,  or  **  dry 
way,"  we  remember  the  great  public  excitement  that  occurred  about 
the  year  1844,  when  it  was  discovered  that  the  copper  coinage  of 
William  IV.  contained  a  considerable  quantity  of  gold.  So  soon  as 
the  fact  became  known,  many  persons  of  the  Hebrew  persuasion  be- 
came large  purchasers  of  penny  pieces,  at  prices  ranging  from  three- 
halfpence  to  twopence  each,  and  many  were  those  who  enjoyed  the 
luxury  of  collecting  these  coins  for  the  purpose  of  reaping  the  advan- 
tage of  their  extra  market  value.  It  is  well  known  that  by  the 
ordinary  refining  proceBses  it  is  practically  impossible  to  extract  from 
copper  the  gold  and  silver  which  not  xmfrequently  exist  in  thist 
metal  in  considerable  quantities.  By  the  electrolytic  method,  how- 
ever, not  only  are  these  precious  metals  recovered,  as  a  natural  part 
of  the  process,  but  other  impurities — as  bismuth,  arsenic,  iron, 
manganese,  etc. — become  separated,  and  chemically  pure  copper  is 
obtained,  which,  from  its  superior  conductivity,  realises  a  higher 
market  value  than  the  best  refined  copper  obtainable  in  the  "dry 
way." 

In  the  following  pages  we  have  given  the  views  and  experiences 
of  some  of  the  highest  authorities  upon  the  subject  of  electrolytic 
refining,  from  which  not  only  the  student,  but  the  practical 
operator,  will  glean  much  that  is  instructive  and  useful  in  this  impor- 
tant branch  of  electro-deposition.  A  few  observations  upon  th? 
general  principles  of  electro-metallurgy,  as  applied  to  the  refining  of 
copper  more  especially,  may,  however,  prove  useful  to  those  who 
have  not  as  yet  studied  the  subject.  In  the  eloctrolytio  process  of 
refining  copper,  the  electrolyte  employed  is  a  nearly  saturated 
solution  of  sulphate  of  copper,  contained  in  a  series  of  tanks,  which 
are  placed  in  electrical  communication  with  each  other  by  copper 
connections,  as  many  as  forty  baths  or  even  more  being  electrolysed 
by  the  current  from  a  single  magneto  or  dynamo-electrio  machine, 
which,  however,  is  usually  an  exceedingly  powerful  generator  of  the 
current,  or  more  properly  converter  of  mechanical  into  deotrical 
energy. 
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In  moBt  electrolytic  copper  refining  works  the  anodes  contdnt  of  cast 
fllabfi  or  plates  of  crude  copper,  containing  not  more  than  from  3  to  4 
per  cent,  of  imparities.  The  cathodes  are  thin  shests  of  pure  copper, 
presenting  the  same  surface  as  the  anodes.  To  i^iTntTiiA  the  resis- 
tance of  the  bath  as  much  as  possible^  the  anodes  and  cathodes  are 
arranged  as  close  to  each  other  as  practicable  without  danger  of 
coming  in  contact.  When  the  current  passes  through  the  series  of 
tanks,  the  sulphate  of  copper  solution  becomes  decomposed,  it^  copper 
being  gradually  deposited  upon  the  cathodes,  while  the  liberated 
sulphuric  acid  dissolves  an  equivalent  proportion  of  copper  from  the 
anodes,  forming  sulphate  of  copper,  by  which  the  strength  of  the 
solution  is  kept  uniform — that  is  to  say,  so  far  as  the  impurities  of  the 
copper  will  allow.  If  pure  copper  anodes  were  employed,  the  solution 
would  keep  in  a  perfectly  uniform  condition,  excepting  as  regards  loss 
of  water  by  evaporation  ;  but  with  impure  anodes  the  bath  gradually 
becomes  charged  with  iron  and  some  other  soluble  metiUlio  impurities, 
which  in  course  of  time  render  the  bath  too  foul,  if  we  may  use  the 
term,  to  be  further  worked,  in  which  case  the  solution  is  removed  and 
replaced  by  a  fresh  solution  of  sulphate  of  copper.  The  deposit  or 
''mud"  which  collects  at  the  bottom  of  the  tanks  is  removed  from 
time  to  time,  and  the  gold  and  silyer  afterwards  recovered  by  the 
ordinary  processes  of  refining. 

In  arranging  an  electrolytic  copper  refining  plant,  the  resistance  of 
the  bath  is  diminished  by  increasing  the  anode  and  cathode  surfaces, 
by  which  the  cost  of  the  electricity — and  consequently  of  the  motive 
power — ^18  greatly  reduced.  If,  however,  this  is  carried  to  the  fullest 
extent,  it  necessarily  involves  the  employment  of  a  costly  stock  of 
copper  as  anodes ;  it  is  therefore  preferred  by  some  electro-metallurgists 
(especially  in  districts  where  coal  is  cheap,  or  where  water  power 
can  be  obtained)  to  increase  the  expenditure  of  power  rather  than 
absorb  interest  on  capital  by  increasing  the  quantity  of  copper  in  the 
baths,  which  would  in  many  cases  absorb  a  large  proportion  of  the 
profits. 

(For  a  more  complete  discussion  of  the  questions  as  to  the  right  area 
of  anode  and  cathode  to  be  employed  in  a  vat,  raised  in  the  above  para- 
<;raph,  as  also  for  an  examination  of  the  doeely  allied  and  veiy  impor- 
tant question  as  to  the  correct  value  of  the  current  density  which 
should  be  adopted  under  any  given  circumstances  in  ord^  to  obtain 
the  most  economical  working  of  a  refinery,  the  reader  is  referred  to 
the  next  chapter,  in  which  an  attempt  is  made  for,  I  believe,  the  fizst 
time  to  place  this  subject  upon  a  systematic  basis. — A.  P.) 

Br.  XUiaai's  ObMzratioiis  on  Blaetrolytlo  »^^-*«»|f  of  Oop- 
p«r.— Dr.  Martin  Kiliani,  of  Munich,  recently  published  ft  long  paper 
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in  the  Germim  Berg^  und  Huttenmdnnigche  ZeUung^  which  in  an 
abridged  form  is  reproduced  in  Engineering ^*  from  which  journal  we 
will  make  the  following  extracts.  Beferring  to  Elkington^s  process 
before  described,  Dr.  Kiliani  observes,  '*  But  however  simple  this 
piocees  seems  in  outline,  there  are  many  points  which  would  bring 
great  difficulties  to  an  inexperienced  person  attempting  the  use  of  it, 
if  he  desired  to  got,  not  only  silver  and  gold,  but  also  a  good  quality 
of  copper.  These  points  depend  on  the  presence  of  such  impurities  as 
arsenic,  antimony,  bismuth,  &c.,  and  on  the  necessity  of  carefully 
observing  certain  conditions  as  to  strength  of  current,  composition, 
and  circulation  of  the  solution,  &c.  EUdngfton,  in  his  patents,  does  not 
deal  with  those  points,  and  this  is  perhaps  the  reason,  together  with 
the  lack  of  suitable  dynamo  machines,  why  the  electro-metallurgy  of 
copper  did  not  make  much  progress  beyond  Elkington's  works  till 
within  the  last  few  years.  It  is  reaUy  only  during  the  last  decade 
[more  particularly  within  the  past  three  or  four  years]  that  the 
immense  progress  of  electro-technics  has  extended  also  to  metallurgy, 
and  enabled  great  successes  to  be  realised  in  the  working  of  copper, 
and  opened  up  the  prospect  of  equal  successes  in  other  directions.  * '  As 
to  the  nature  of  the  process  itself.  Dr.  Kiliani  begins  by  saying  that 
the  basis  of  the  whole  matter  consists  in  the  simple  fact  that  when  an 
alloy  of  several  metals  forms  the  anode  in  the  bath,  the  electric  current 
does  not  cause  the  solution  of  all  the  component  metals  at  the  same 
time,  but  that  it  makes  a  selection,  and  takes  one  metal  after  the  other 
in  a  certain  order ;  and  similarly,  when  several  metals  are  in  solution 
in  a  bath,  the  current  selects  them  in  a  certain  order  for  dejmsition  on 
the  cathode.  A  fully  satisfactory  scientific  explanation  of  these  facts 
cannot  be  attempted,  because  the  whole  matter  is  even  yet  too  little 
studied,  and  the  materials  for  a  full  explanation  have  not  yet  been 
collected.  Even  as  concerns  the  order  of  this  solution  and  deposition 
there  are  only  full  materials  published  concerning  silver,  copper,  iron, 
zinc,  and  lead,  and  then  only  so  far  as  concerns  some  few  electrol3rt;e8. 
About  those  elements  which  are  specially  troublesome  and  important 
in  the  metallurgy  of  copper,  arsenic,  antimony,  bismuth,  &c.,  the 
published  information  is  very  superficial  and  scanty,  and  in  some 
instances  qtdte  incorrect. 

With  regard  to  the  selection  of  the  different  metals  by  the  current. 
Dr.  Kiliani  says  that  this  *^  takes  place,  in  general,  on  the  principle 
that  as  much  energy  as  ix)88ible  is  created  {crzeugt)  and  as  little 
energy  as  possible  is  consumed ;  *'  that  is  to  say,  under  conditions  that 
metid  will  be  first  dissolved  from  the  anode,  the  solution  of  which 

causes  the  development  of  the  greatest  amount  of  energy  (electro- 

- —  ■ 

*  £ngifuering,  July  3, 1885. 
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motave  force)  ;  and  that  tho  metal  will  be  first  dexK)8ited  from  tho 
solution  on  to  the  cathode,  the  separation  of  which  requires  the  least 
consumption  of  this  same,  energy.  A  comparative  measure  of  the 
energy  required  in  these  cases  is  obtained  bj  taking*  the  heat  of  com- 
bination of  the  metals  with  oxygen  to  form  oxides  or  salts.  The 
combination  heat  of  the  metals  with  oxygen  to  form  oxides  is  taken 
by  the  author  to  form  a  tabular  list  in  the  order  in  which  they  are 
dissolved,  as  follows: — Manganese,  zinc,  iron,  tin,  cadmium,  cobalt, 
nickel,  lead,  arsenic,  bismuth,  antimony,  copper,  silver,  gold.  Of  this 
lisit  it  may  be  said  that  aU  those  metals  which  precede  copper,  when 
they  are  present  in  the  anode  metals  (not  oxides)  together  with 
copper,  will  be  attacked  by  the  current  before  the  copper ;  whereas 
silver  and  gold  will  only  be  dissolved  after  the  copper,  or  if  they  are 
present  in  very  small  amount,  they  will  fall  from  the  anode  as  powder, 
and  be  found  in  the  **  mud"  of  the  bath.  In  practice  this  ordor  is 
fully  maintained,  and  aU  the  above  metals  dissolve  before  the  copper, 
and  are  found  in  solution  in  the  electrolyte,  unless  they  form  in- 
soluble compounds,  for  example,  with  lead,  when  the  bath  is  a  sul- 
phate, as  in  refining  copper.  When  the  metals  are  once  in  solution, 
their  deposition  on  the  cathode  takes  place  in  the  reverse  order, 
beginning  with  gold  and  ending  with  manganese.  But  the  correct- 
ness of  these  rules  is  dependent  upon  several  conditions  which  must  be 
observed  in  order  that  the  work  may  gpo  on  in  a  normal  manner.  Tho 
chief  of  these  conditions  concerns  the  strength  of  the  current,  tho 
nature  of  the  electrolyte,  the  proportions  of  the  metals  alloyed  together 
in  the  anode,  and  the  physical  condition  of  the  anode  itself. 

If  the  current  exceeds  a  certain  strength,  all  the  metals  may  be 
dissolved  and  deposited  together.  The  more  neutral  the  electrolyte  is, 
the  more  easily  will  the  more  electro -negative  metals  be  dissolved,  and 
the  more  easily  will  tho  electro -positive  metals  be  deposited.  The 
same  may  be  said  of  the  electrolyte,  the  poorer  it  is  in  copper  solution. 
If  the  anode  consists  of  copper  containing  a  large  amount  of 
impurities,  these  will  be  dissolved  more  easily  than  from  a  copper 
containing  but  little  impurity.  The  less  dense  and  compact  the  anode 
is,  the  better  the  process  will  go  on.  This  all  applies  only  to  copper 
containing  the  other  metals  in  the  metallic  form.  If  oxides  or 
sulphides  are  present,  the  first  question  is  as  to  their  conductivity  for 
the  current.  Most  oxides  may  be  classed  as  non-conductors  under 
the  conditions  of  the  bath,  and  have  nothing  to  do  with  the  action  of 
the  current ;  they  simply  go  into  the  insoluble  mud,  or  are  dissolved 
by  the  purely  chemical  action  of  tho  electrolyte. 

The  sulphides  are  mostly  good  conductors,  but  not  nearly  so  good 
as  metallic  copper.  If,  therefore,  but  a  small  amount  of  sulphides  is 
contained  in  t^e  copper  anode,  the  current  will  act  only  on  the  copper 
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amd  the  sulphides  will  be  found  in  the  mud  nnacted  upon,  unless  by 
the  acid  of  the  bath ;  if  much  sulphide  is  contained  in  the  copper,  the 
current  will  be  more  or  less  divided  between  the  copper  and  sulphide, 
and  a  portion  of  the  latter  will  be  decomposed,  with  separation  of 
sulphur.  In  addition  to  the  above  secondary  reactions  of  the  bath, 
there  are  others,  some  of  which  are  good  and  some  bad,  for  conduct- 
ing the  process.  The  current  is  always  striving  to  decompose  the 
electrolyte  into  metal  (or  oxide)  and  acid ;  whilst  the  liberated  acid  is 
striving  to  redissolve  the  deposited  metal  or  oxide.  These  two  forces 
are  always  opposed  to  one  another,  and  under  varying  conditions 
either  may  gain  the  upper  hand.  The  resolvent  action  of  the  acid,  in 
cases  where  the  components  of  the  electrolyte  have  a  strong  chemical 
affinity,  may  overpower  the  action  of  a  weak  current. 

In  the  case  of  copper  this  secondaiy  reaction  is  not  of  much  import- 
ance, copper  not  being  acted  upon  by  dilute  sulphuric  acid  in  the 
absence  of  air,  but  still  it  is  quite  noticeable  in  presence  of  good 
circulation  of  the  liquor,  and  more  or  less  access  of  air  in  the  cathodes. 
A  favourable  effect  of  this  secondary  action  is  that  any  caprouB  oxide 
which  may  be  deposited  at  the  caUiode  with  the  copper,  owing  to 
wealmess  of  current,  is  diK<olved  again. 

Respecting  the  presence  of  foreign  metals  and  oxides  in  the  anodes. 
Dr.  Kiliani  says:  ''Cuprous  oxide,  being  a  bad  conductor,  is  not 
affected  by  the  current  and  goes  first  of  all  to  the  mud  of  the  bath. 
It  is  then,  however,  dissolved  by  the  free  acid,  more  or  less,  according 
to  the  time  the  acid  is  allowed  to  remain  in  the  tank.     Therefore  any 
cuprous  oxide  contained  in  the  anodes  diminishes  the  free  add  of  the 
electrolyte,  and  increases  the  amount  of  copper  in  solution."    As  to 
sulphide  of  copper,  if  it  does  not  exceed  in  quantity  that  usually 
present  in  **  black  copper,"  it  deposits  in  the  mud.     If  there  be  a  high 
percentage}  of  copper  sulphide  in  the  anode,  it  is  decomposed  with 
liberation  of  sulphur.     Gold,  silver,  and  platinum  all  remam  undis- 
solved in  the  mud  when  they  are  not  present  in  considerable  quantity, 
and  so  long  as  the  electrolyte  retains  its  normal  composition  as  to  free 
acid  and  dissolved  copper.     If  the  liquor  becomes  neutral  the  silver 
dissolves  and  becomes  deposited  on  the  cathode.     Bismuth  and  its 
oxide  go  partly  to  the  mud,   as  insoluble  basic  salt,   and  partly 
into  solution,  eventually  precipitating  as  basic  salt.     The  presence  of 
metallic  bismuth  in  the  anode  causes  the  liquor  to  become  poorer  in 
copper,  while  the  presence  of  its  oxide  causes  a  reduction  in  the  amount 
of  free  acid,     fiiemuth  does  not  become  deposited  upon  the  cathode, 
even  when  large  quantities  of  the  basic  salt  accumulate  in  the  mud, 
provided  the  bath  be  kept  in  its  normal  condition  as  to  copper  and 
acid.     Tin  dissolves  in  the  bath  and  after  awhile  is  partly  deposited 
again  as  basic  salt.     If  the  anode  contains  veiy  much  tin,  the  greater 
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portion  xemains  aa  basic  sulphate,  adhering  to  the  anode  itself  in  fhe 
fonn  of  a  deposit  of  a  dirty  grey  colour  while  moist,  but  becoming 
white  when  air-dried,  increasing  rapidly  in  weight  eyen  after  long 
drying  at  212**  Fahr.  ;  it  contains  sulphuric  acid,  and  the  tin  oxide  in 
it  is  mostly  of  the  Tariety  soluble  in  hydrochloric  acid.  The  presence 
of  tin,  therefore,  reduces  the  amount  of  copper  in  the  bath  without  re- 
placing it  by  any  appreciable  amount  of  tin  in  solution.  The  tin  in 
solution  exercises  a  surprisingly  favourable  influence  on  the  copper 
deposit  on  the  cathode.  Gopx>cr  deposited  from  a  neutral  solution  of 
pure  copper  is  rough,  irregular,  and  brittle,  but  if  tin  be  present  the 
deposits  are  excellent  and  tough,  even  though  the  deposits  g^ve  no 
trace  of  tin.  The  resistance  of  the  bath  is  also  much  reduced  by  the 
presence  of  tin  in  the  anodes.  If  arsenic  be  present  in  the  metallic 
state,  it  enters  the  solution  as  arsenious  acid,  and  only  appears  in  the 
mud  when  the  solution  is  saturated  with  it.  Arsenic  in  the  form  of 
arsenic  acid  combined  with  oxide  of  copper,  or  other  oxides,  is  at  once 
deposited  as  mud  in  neutral  solutions,  since  these  oxide  combinations 
are  non-conductors.  Metallic  arsenic  thus  reduces  the  amount  of 
copper,  and  increases  that  of  the  free  acid  in  the  bath,  because  it  goes 
into  the  solution  without  combining  with  an  equivalent  of  acid,  while 
at  the  same  time  a  proportionate  amount  of  copper  is  deposited  with 
liberation  of  acid.  Arsenic  does  not  enter  into  the  copper  deposit  in 
the  cathode  while  the  bath  remains  normal  as  to  copper  and  free  acid ; 
in  a  neutral  bath,  or  one  in  which  the  copper  is  insufficient,  arsenic  is 
deposited  with  the  copper. 

In  reference  to  the  above  experiments,  it  must  be  borne  in  mind 
l^at  they  were  conducted  only  upon  a  laboratory  scale,  at  the 
Technical  High  School  at  Kunich,  and,  therefore,  should  not  be 
accepted  as  ruling  operations  conducted  on  a  large  commercial  scale. 
We  may  assume,  moreover,  without  questioning  their  value  as  facts, 
that  the  results  were  obtained  by  means  of  voltaic  batteries,  and  these 
wo  know  are  not  so  reliable  as  dynamo  or  magneto-electric  machines 
properly  eonstmcted  to  yield  large  currents  of  low  electro-motive  force, 
suitable  for  the  deposition  of  copper.  In  the  electrolytic  treatment  of 
oopper,  it  is  undoubtedly  of  the  greatest  importance  that  not  a  trace 
of  arsonio,  bismuth,  or  any  foreign  metal  should  be  present  in  the 
deposited  copper,  since  it  is  well  known  that  even  one-fifth  per  cent, 
of  iron  depreciates  the  conductivity  of  copper  by  25  per  cent.,  while  a 
mere  trace  of  arsenic  reduces  its  conductivity  by  66  per  cent.  The 
uniform  character  of  the  deposit  and  its  absolute  purity  will  depend 
upon  the  keen  observation  of  the  electro-metallurgist,  who,  while 
taking  care  that  the  machines  he  employs  yield  the  exact  quality  of 
curtoit  necessary  for  the  reduction  of  copper,  will  also  devote  special 
attention  to  the  condition  of  his  electrolytes,  and  the  removal  of  the 
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mud  as  soon  as  its  aoonmulatioii  in  the  baths  inyolTes  risk  of  partial 
re-solution.    As  fior  as  the  nature  of  the    current  is   ooncemed, 
it  will  be  seen,  by  the  foregoing  remarks,  that  the  rsquirements  of 
eleotrolytio  copper  refiners  have  been  fully  met  by  those  of  our  elec- 
trical engineers  who  have  paid    special  attention  to  this  subject. 
There  has  been  much  said  about  the  **  secrecy  "  observed  at  some  of 
the  British  and  Continental  works  in  respect  of  their  eleotrolytio 
operations ;  it  must  be  borne  in  mind,  howcTer,  that  although  the 
principles  of  the  electrolytic  art-  are  common  property,  practice  may 
vary  considerably,  and  special  advantages  may  arise  from  the  sugges- 
tiveness  or  keenness  of  observation  of  an  expert  in  one  establishment, 
which,  if  known  to  competitors,  would  reduce  their  value.  These  tech- 
nical advantages  often  represent  extra  profit.    We  need  say  no  more. 
nugi— ■  of  auetvolytio  Copper  Befimng. — It  is  now  about 
twenty  years*^  since  the  first  practical  development  of  the  electrolytic 
method  of  refining  copper  was  established  by  Mr.  J.  B.  Elking^n, 
with  the  aid  of  Mr.  Henry  Wilde's  magneto -dectric  machines,  and  for 
many  years  the  process  was  exclusively  practised  by  this  firm.    Since 
that  period,  however,  the  method  has  been  very  extensively  adopted, 
not  only  in  this  country,  but  on  the  Continent,  more    especially  in 
Grermany ,  Saxony,  and  France.   The  North  German  Refining  Works  at- 
Hamburg  have  adopted  the  electrolytic  method  for  upwards  of  ten 
years,  the  machines  of  M .  Gramme  being  used.  More  recentiy  it  has  been 
practised  at  the  Oker  Foundry,  near  the  mines  of  Mansfeldt,  Germany, 
with  Siemens'  large  machines ;  by  MM.   Oeschger  and  Mesdach, 
at  Biache  (Gramme  machines) ;  by  M.  Hilarion  Boux,  at  Marseilles, 
(Gramme) ;  by  MM.  Lyon-Allemand,  at  Paris,  and  by  M.  Andre,  at 
Frankfort  (Gramme) ;  by  the  Mansfeldt  Mining  Company,  at  Eisleben, 
and  by  Messrs.  Sterne  &  Co.,  at  Oker  (Wilde's  machines).     Besides 
Messrs.  EUdngton's  extensive  works  at  Pembrey,  South  Wales,  where 
Wilde's  large  machines  are  employed,  the  electrolytic  refining  process 
is  carried  on  by  Sir  Hussey  Vivian  at  Swansea  (Giilcher  and  Cromp- 
tou  machines) ;  by  Mr.  W.  H.  Hills  at  Chester  (Giilcher  machines) ; 
by  Messrs.  Williams,  Foster,  &  Co.  at  Swansea  (Crompton  machines) ; 
Messrs.  Charles  Lambert  &  Co.  (Giilcher  machine);  and  by  the  Elliott 
Metal  Befining  Company  at  Selly  Oak,  near  Birmingham,  where 
Wilde's  machines  are  employed.    It  will  thus  be  seen  that  the  electro- 
lytic method  of  copper  refining  is  gradually  but  surely  making  con- 
siderable prog^ress ;  indeed,  the  important  improvements  which  have 
recentiy  been  made  in  dynamo-electric  machines  have  greatiy  influ- 
enced this  result.    From  information  which  has  been  conveyed  to 
us,  we  have  no  doubt  that  in  a  very  short  period  the  art  of  electro- 
metallurgy will  attain  a  far  greater  extent  of  development,  both  at 

*  This  was  written  by  Mr.  A.  Watt  in  1889. 
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home  and  abroad ;  and  to  this  end  mannfaotarera  of  dynamo-eleotrio 
machines  are  devoting  much  attention  to  the  conBtniotion  of  machines 
flpeoially  suited  to  electrolytic  oopper  refining. 

As  we  have  before  remarked,  there  is  much  difficulty  in  obtaining 
information  as  to  the  precise  methods  adopted  at  the  various  electro- 
lytic refining  works,  nevertheless  certain  points  of  detail  concerning 
tiiic  general  system  adopted  at  the  respective  establishments  gradually 
find  their  way  to  the  public  by  some  occult  means,  as  is  usually  the 
fate  of  all  secret  processes  sooner  or  later.  The  following  particulars 
conoeming  the  principal  refineries  will  g^ve  the  reader  a  g^eneral  idea 
of  the  special  features  of  each  system  of  working,  and  gfuide  his  judg- 
ment as  to  which  is  the  most  effective  and  economical.  It  must  not 
be  forgotten,  however,  that  where  water-power  is  not  available  for 
driving  dynamo  machines,  the  cost  of  fuel  in  the  various  districts  is 
greatly  different,  often  in  the  proportion  of  one  to  four.  Besides  this, 
the  coppers  refined  at  the  various  works  differ  considerably  in  the 
nature  and  proportions  of  their  impurities,  by  which  their  conducting 
power  as  anodes  is  greatly  influenced,  and  the  cost  of  electrical  energy 
increased  or  lessened  accordingly. 

audiiffton's  FrooMs  of  WoUirtns  OoppMr  Ivy  Blootrolysls. — 
The  impure  copper,  as  it  comes  from  the  smelting  furnace,  is  cast 
into  slabs  or  plates,  about  18  inches  square  and  f  inch  thick,  with 
lugs  projecting  from  their  comers  at  one  end.  These  plates  are  placed 
in  troughs,  each  sufficiently  long  to  take  two  plates,  end  to  end; 
three  such  rows  of  plates,  or  six  in  all,  are  placed  in  each  trough,  a 
space  of  about  6  inches  being  left  between  the  rows.  The  lugs  of  the 
plates  rest  on  the  ends  of  the  trough,  and  upon  a  cross-bar  fixed  mid- 
way of  its  length,  to  which  part  strips  of  copper  are  attached,  and 
these  axe  all  placed  in  metallic  contact  with  each  other.  Cathodes  of 
pure  thin  sheet  copper  (about  ^nd  of  an  inch  in  thickness)  are  arranged 
between  the  rows  of  slabs  or  positive  plates,  the  cathodes  being  about 
the  same  size  as  the  cakes  required  for  the  market,  or  about  12  by 
6  inches.  There  may  be  four  such  plates  (cathodes)  in  each  row,  or 
sixteen  in  each  trough.  These  negative  plates  are  each  cut  with  a 
projecting  tongue,  by  which  they  are  fixed  to  a  frame  made  of  copper 
rods,  the  tongue  of  each  plate  being  lapped  round  the  frame  and  thus 
connected  and  held.  The  frame  has  arms  at  its  four  comers,  which 
rest  on  the  sides  of  the  trough,  on  which  are  copper  strips,  insulated 
from  the  strips  at  the  end  of  the  trough.  In  this  way  a  series  of 
twenty-five  troughs  are  made,  the  negative  plates  of  one  trough  being 
connected  with  the  positive  plates  of  the  next,  and  so  on  throughout 
the  whole  series,  the  positive  plates  being  at  one  end  of  the  series 
and  the  negative  at  the  other.  Care  is  taken  that  all  metallic  connec- 
tionfl  are  clean  and  the  contacts  perfect.    The  troughs  are  charged 
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wiiih  a  nearly  saturated  solntion  of  Bnlphate  of  copper.  The  nepitive 
and  positive  plates  are  then  connected  to  the  corresponding  poles  of  a 
large  magneto-electric  machine,  having,  say,  fifty  permanent  magnets 
weighing  28  lbs.  each,  and  fully  magnetised.  When  the  positive 
plates  have  become  so  far  dissolved  and  corroded  that  fragments  are 
likely  to  fall  from  them,  they  are  replaced  by  others,  and  the  old  ones 
recast.  The  negative  plates  may  be  kept  in  the  baths  imtU  they  are 
}  inch  in  thickness. 

The  sulphate  of  copper  solutions  are  kept  at  work  until  they  be- 
come so  charged  with  sulphate  of  iron  that  their  further  use  is  incon- 
venient, when  they  are  changfed,  and  the  copper  recovered  by  the  usual 
means.  The  residue  which  accumulates  at  the  bottom  of  the  troughs 
is  removed  from  time  to  time,  and  since  it  frequently  contains  a  con- 
siderable percentage  of  silver,  some  gold,  and  also  tin  and  antimony, 
it  has  a  certain  market  value,  and  may  be  sold  to  the  refiners.  Mr. 
EUdngton  prefers  to  woric  with  crude  copper  known  as  **  blister  '*  or 
*<  pimple  copper,''  rather  than  with  that  obtained  from  the  earlier 
stages  of  the  smelting  process,  which  contains  higher  percentages  of 
impurity. 

Copper  Baflnins  at  Bamburs. — The  North  Qerman  Refinery  is 
under  the  control  of  Dr.  "Wohlwill,  who  has  made  the  electro-metal- 
lurgy of  copper  his  special  study.  To  cany  out  his  system  at  the 
above  works,  six  large  No.  i  Gramme  machines  are  employed,  besides 
which  a  still  more  powerful  machine,  constructed  under  his  own 
direction,  is  used.  The  principal  features  of  Dr.  Wohlwill's  method 
consiBt  in  keeping  the  various  baths  at  a  uniform  strength,  and  always 
at  the  same  temperature,  the  machines  are  made  to  revolve  at  regular 
speeds,  and  are  kept  in  perfect  order ;  all  the  coppers  to  be  treated  &rQ 
subjected  to  analysis  both  before  and  after  the  electrolysis.  It  '3  by 
thus  keeping  all  things  equal  that  he  is  enabled  to  produce  copper  of 
very  fine  quality. 

The  first  Gramme  machine  constructed  for  Dr.  "Wohlwill  for  the 
chief  electrolytic  installation  at  the  North  G<?rman  Refinery  is  pro- 
vided with  two  commutators  and  four  brushes :  each  commutator  h»s 
twenty  sections.  The  spirals  of  the  bobbins  are  each  composed  of 
Hoven  strips  of  copper  to  millimetres  (0*4  inch)  wide  and  3  millimetres 
(or  about  J  inch)  in  thickness.  Forty  groups  of  copper  ribbon  corres- 
pond to  the  forty  sections  of  the  two  commutators,  so  that  each  spiral 
is  composed  of  two  identical  half  spires  juxtaposed,  and  soldered  at 
their  extremities  to  a  radiating  piece  which  connects  them  to  one  of  the 
sections  of  the  double  commutator.  The  inducted  ring  is  therefore 
composed  of  forty  partial  bobbins,  of  which  twenty  are  connected  to  the 
right-hand  side,  and  a  corresponding  number  to  the  left-hand  side  com- 
mutator. The  total  resistance  of  the  armature  ia  '0004  ohm;  when  the 
two  parts  are  joined  in  parallel  this  reaistanoe  is  reduced  to  'oooi  ohnLi 
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The  E.M.P.,  with  a  speed  of  500  reyolntionfl  per  minnte,  ia  equal  to  8 
^oltfl  for  the  coupling'  in  florirft,  and  to  4  volts  for  the  coupling  in  parallel. 
The  ci^rht  oloctro-magnota  of  this  machine  have  iron  cores  1 20  milli- 
metres (or  4.}  inches)  in  diameter,  and  410  millimetreH  (16*5  inches) 
in  length.  On  these  cores  are  wound  thirty-two  turns  of  sheet  copper, 
corresponding  in  width  to  the  leng^  of  the  magnet,  and  i  *  i  millimetre 
in  thickness.  The  resistance  of  the  eight  conductors  in  one  single 
circuit  is  '00142  ohm ;  when  the  magnets  are  joined  in  two  series  their 
resistance  becomes  'OO038  ohm.  The  total  resistance  of  the  machine  id 
therefore  -00038  ohm  in  quantity  and  '00182  ohm  in  tension.  The  total 
weight  of  copper  is  1,620  pounds,  and  that  of  the  entire  machine  about 
49  cvt.  The  normal  output  of  current  of  this  machine  is  said  to  be  3,000 
amperes  for  4  volts,  and  1,500  amperes  for  8  volts  electro-motive  force. 

At  the  North  Grerman  works  there  are  forty  baths  arranged  in  two 
series  of  twenty ;  the  anode  surface  in  each  bath  is  nearly  325  square 
feet,  giving  a  total  of  13,000  square  feet  of  surface  for  the  whole  of 
the  baths.  The  anodes  and  cathodes,  or  receiving  plates,  are  arranged 
at  about  2  inches  apart.  The  copper  is  deposited  on  the  cathodes  to 
the  thickness  of  about  -^g  inch,  and  at  the  rate  of  about  73*3  pounds  per 
hour,  in  all  the  40  baths  together,  or  1,760  pounds  per  day  of  twenty- 
four  hours.  The  motive  power  absorbed  is  about  1 6  horse  power,  giving 
a  production  of  4*58  pounds  of  pure  copper  with  the  consumption  of 
one  horse-power  hour.  At  the  same  works  two  other  series  of  baths 
are  employed,  the  number  of  which  is  120,  and  these  are  connected  in 
sucoesaion.  Each  bath  is  furnished  with  anodes  exposing  about  160 
square  feet  of  surface,  and  the  entire  series  of  120  baths  has  a  resistance 
of  0*1  ohm.  The  current  for  these  baths  is  obtained  from  two  No.  1 
Gramme  machines,  connected  together  in  series  of  300  amperes,  with 
an  electro-motive  force  of  27  volts.  The  amount  of  copper  deposited 
per  day  of  twenty-four  hours  is  2,000  pounds,  at  an  expenditure  of 
12  horse-power,  or  say  |  horse-power  per  pound  of  copper  per  hour. 
The  nature  of  the  electrolyte  employed  at  these  works  appears  to  be 
a  secret.    It  has  been  affirmed  that  nitrates  are  used. 

The  cost  of  fuel  being  an  important  consideration  at  Hamburg,  Dr. 
Wohlwill  has  specially  designed  his  baths  to  economise  motive  power 
as  far^as  possible.  After  an  extensive  series  of  practical  trials,  he 
found  that  considerable  advantage  was  obtained  by  working  with 
large  cathode  surfaces,  and  allowing  only  thin  deposits  to  take  place 
upon  them.  In  his  first  installation  the  rate  of  deposit  is  only  about 
0*005  pound  per  square  foot  per  hour,  or  only  0*00012  inch  per  hour 
in  thickness* ;  in  the  other  installations  referred  to,  the  deposit  is  still 
further  reduced,  with,  as  will  be  seen,  a  considerable  reduction  in  the 


*  That  is,  a  current  density  of  1*925  amperes  per  square  foot  of  cathode. 
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expenditare  of  motive  power.  The  value  of  copper  under  treatment 
in  one  of  the  installations  at  Hamburg  is  said  to  be  equal  to  about 
^8,000. 

C^nptr  IfciHIirtng  at  Blaehe. — Messrs.  (Eschger,  Mesdach,  &  Co., 
of  Biache-Saint-Waast,  near  the  English  CShannel,  have  an  installation 
in  which  a  large  Gramme  machine,  similar  to  that  constructed  for  Dr. 
WohlwiU  for  the  Hamburg  works,  is  employed.  Twenty  baths  are 
used,  from  which  the  daily  production  of  copper  is  about  800  pounds. 
The  baths  are  each  about  10  feet  long,  2  feet  6  inches  wide,  and  3  feet 
deep,  and  are  constructed  of  wood  nearly  3  mches  thick,  and  lined 
with  lead.  These  vats  are  coupled  in  series,  and  are  charged  with  a 
solution  of  sulphate  of  copper  maintained  at  a  density  of  19°  Baume. 
Each  bath  is  furnished  with  88  anodes  and  69  cathodes  of  equal  total 
surfaces ;  the  anodes,  which  are  28  inches  long,  6  inches  wide,  and 
jt  inch  thick,  are  arranged  in  22  rows  of  4.  The  cathodes,  which  are 
34  inches  long,  7  inches  wide,  and  about  ^  inch  thick,  are  placed  m 
23  TOWS  of  3.  The  total  surface  under  action  represents,  therefore, 
about  10,800  square  feet.  The  copper  is  deposited  upon  the  cathodes 
of  sufficient  thickness  to  be  taken  directly  to  the  rolling-mill.  The 
production  of  copper  at  these  works  is  about  540  to  800  pounds  per  day 
of  twenty-four  hours,  the  thickness  of  the  deposit  being  equal  to  about 
*oooi2  inch  per  hour.  The  silver  and  gold  (if  any)  is  deposited  in 
the  *'  mud"  at  the  bottom  of  the  baths,  and  this  is  removed  from  time 
to  time  and  washed,  and  after  being  dried  is  fused  with  litharge  or 
with  a  reducing  agent,  the  product  in  the  former  case  being  treated  as 
argentiferous  lead.  When  the  electrolyte  becomes  heavily  charged 
with  iron  and  other  impurities,  it  is  evaporated  and  allowed  to  crys- 
tallise. 

CQPP«r  R^lliitng  at  lKars«IIl«8. — M.  Hilarion  Roux  has  an  instal- 
lation at  his  refinery  in  Marseilles,  in  which  a  No.  i  Grramme  machine 
is  employed.  There  aro  40  baths,  having  a  total  anode  surface  of 
about  10,000  squaro  feet,  or  about  250  squaro  feet  for  each  bath. 
There  are  115  plates  in  each  vat,  each  being  2  feet  3  inches  long, 
6  inches  wide,  and  -fV  ^<^^  ^  thickness.  Each  plate  weighs  about 
26  pounds.  The  plates  aro  inmiersed  about  five-sixths  of  their  lengtli, 
the  anodes  and  cathodes  being  placed  at  a  distance  of  about  2  inches 
from  each  other.  The  total  weight  of  copper  imdcr  troatment  is 
54  tons,  of  which  23  pounds  aro  rofined  per  hour,  or  about  550  pounds 
per  day,  with  an  expenditure  of  530  pounds  of  coal  per  day  for  driving 
the  Gramme  machine,  which  revolves  at  a  speed  of  850  rovolutions, 
and  absorbs  about  5  horae-power.  The  bath  is  worked  at  a  density  of 
16°  to  f  8°  Baume,*  and  is  maintained  at  a  temperature  of  25**  C.  (77® 


*  Or  about  z8'267  per  cent,  of  sulphate  of  copper. 
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Fahr.,  the  deposit  bemg  at  the  rate  of  0*0023  poundB  per  square  foot 
of  cathode.* 

Bloctrolytte  Beflnins  at  Ok«r. — At  these  works  five  large 
Gi  dynamo-electric  machines,  fnmiahed  by  Messrs.  Siemens  and 
Hulske,  of  Berlin,  are  employed,  one  of  which  has  been  at  work  for 
upwards  of  four  years.  The  machines  have  been  constructed  to  give 
low  internal  resistance  and  great  power  in  amperes,  which  has  been 
effected  by  surrounding  the  armature  core  and  the  core  of  the  electro- 
magnets with  copper  bars  of  rectangular  section,  instead  of  winding 
them  with  wire  as  in  electric-light  machines.  The  armature  is 
proWded  with  a  series  of  bars  with  Uie  Hefner- Altcncck  system  of 
winding;  the  corresponding  bars  are  joined  together  by  means  of 
largo  spiral  bands,  i)laced  on  the  end  of  the  armature,  opposite  the 
commutator.  On  the  anterior  face  of  the  core,  on  the  commutator 
side,  the  bars  are  connected  to  tiie  latter  by  means  of  strong  copper 
angle  pieces.  The  armature  also  consists  of  a  single  layer  of  copper 
bands  coUed  by  series  of  seven  on  each  branch,  or  twenty-eight  in  all. 
The  bars  are  insulated  by  means  of  asbestos,  which,  being  a  non- 
conductor, allows  the  machine  to  become  heated  without  doing  harm. 
Each  machine  works  twelve  large  vats,  and  is  driven,  we  imderstand, 
by  water-power  of  from  four  to  five  horse-power,  and  deiH)Hit8  i  kilo- 
g^ramme  (2*2  lbs.)  of  copper  per  hour,  or  about  300  kilogriunmes 
(6  cwt.)  per  day. 

BlMtrolytio  Bttflnlng  at  Btrmiiigbam.— The  Elliott  Metal 
Refining  Company,  of  Selly  Oak,  near  Birmingham,  employs  five  large 
Wilde  machines,  which  refine  about  ten  tons  of  copper  x)er  week.  The 
vats  are  arranged  in  five  series  of  forty-eight  in  each,  one  Wilde 
machine  being  employed  for  each  group  of  forty-eight  buths.  The 
vats  are  2  feet  9  inches  long,  by  the  same  width,  and  are  4  feet  deep ; 
each  vat  contains  16  anodes,  which  are  each  2  feet  long  by  6  inches 
wide,  and  ^  inch  thick,  and  weigh  26  pounds  each.  There  are  only  ten 
cathodes  in  each  vat,  each  cathode  being  I  foot  4  inches  long,  22  inches 
wide,  and  '03  inch  in  thickness,  and  weighs  2 '86  pounds.  The 
total  weight  of  copper  per  bath  is  about  450  pounds,  and  in  a  series 
of  forty-eight  baths  about  ten  tons.  The  anodes  and  cathodes  are 
azrang^  at  about  3^  inches  apart.  The  anodes  are  immersed  only  to 
the  extent  of  20  inches  of  their  leng^,  so  that  the  surface  under 
action,  including  both  surfaces  of  the  anode,  is  only  i  J  square  feet,  or 
30  square  feet  to  each  bath.  The  yield  of  copper  for  the  forty-eight 
baths  approximates  30  pounds  per  hour,  or  about  0*65  pound  per  bath 
per  hour,  which  corresponds  to   a  current  of  235  amperes.      The 

*  This  is  equivalent  to  a  current  density  of  rather  less  than  09 
amperes  per  square  foot  of  cathode  surface. 
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anodes  are  zeplaoed  every  five  weeks,  and  the  operation  progresses  fox 
156  consecutive  hours  per  week.  The  temperature  of  the  electrolytic 
department  is  uniformly  maintained  at  68°  F.,  and  the  density  of  the 
bath  kept  up  to  16?  B.  The  particulars  concerning  the  improved 
Wilde  machine  adopted  at  these  works  are  given  in  Chapter  U.  of  the 
1889  edition  of  this  work. 

lll«etrol7tleB«flniiiciii  Am«riea.* — It  is  stated  that  the  Balbach 
Befining  Works  in  Newark,  N.J.,  are  probably  the  largest  in  the 
world,  the  daily  production  of  copper  being  about  sbc  tons.  The 
current  is  obtained  from  four  dynamos,  furnished  by  the  Excelsior 
Electric  Company,  of  Brookljm,  New  York.  Each  of  the  dynamos  is 
driven  by  an  independent  Westinghouse  engine.  The  three  larger 
dynamos  have  an  output  of  30,000  watts  each,  while  the  fourth  is 
a  smaller  machine  of  15,000  watts  capacity,  which  was  put  down  for 
the  firm  about  two  years  and  a  half  ago,  to  enable  them  to  ascertain 
whether  the  electrolytic  method  of  refining  was  remunerative  before 
embarking  in  the  business  upon  a  large  scale.  The  work  goes  on  day 
and  night,  with  a  short  intermission  each  day  for  cleaning  and  oiling 
the  engines  and  dynamos.  The  foundry  for  casting  the  anodes,  the 
mechanical  appliances  for  handling  and  transporting  them  and  the 
finished  plates,  are  all  designed  with  the  object  of  saving  manual 
labour  as  far  as  possible.  There  is  another  large  establishment  in  the 
States  for  the  production  of  electrolytic  copper  and  the  separation  of 
the  precious  metals,  namely  the  St.  Louis  (Mo.)  Smelting  and  Refining 
Company.  Besides  the  two  principal  works  above  referred  to,  there 
are  some  other  less  important  works,  and  the  great  interest  taken  in 
the  results  obtained  shows  that  electro -metallurgy  is  making  rapid 
strides  on  the  other  side  of  the  Atlantic,  where,  of  all  places  in  the 
world,  a  successful  process  is  sure  to  command  attention,  and  when 
once  taken  in  hand,  pushed  forward  until  it  acquires  the  highest 
state  of  development  that  enterprise  and  a  due  appreciation  of  the 
advantages  of  labour-saving  machinery  can  bestow  upon  it. 

Coat  of  Blaetrolytle  Copper  Boflnlns. — ^When  it  is  borne  in  mind 
that  the  electrolytic  method  of  refining  copper  is  pursued  at  the  various 
works  under  totally  different  conditions,  and  that  it  is  evidently  not  to 
the  advantage  of  the  renpective  competitors  to  make  publicly  known 
the  special  means  by  which  they  secure  economy  in  the  cost  of  their 
production,  it  will  be  at  once  seen  that  any  published  data  in  thlH 
connection  must  be  received  with  caution.  It  is  true  that  the 
capabilities  of  the  leading  dynamo -electric  machines  are  wcU  known, 
and  that  a  given  current  will  do  a  certain  amount  of  work ;  the 
coppers  operated  upon  at  different  refineries,  however,  vary  consider- 

♦  Written  by  Mr.  Watt  in  1889. 
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ably  in  the  nature  and  extent  of  their  impurities,  which  of  ooiirae 
influences  their  conductiyity' ;  again,  the  systems  of  working  are 
different,  some  employing  larger  anode  and  cathode  surface  than 
others,  while,  again,  ihe  condition  and  streng^  of  the  eleotrolytic  is 
varied  according  to  the  judgment  and  experience  of  each  electro- 
metallurgist,  according  to  the  particular  metal  which  he  has  to  treat. 
That  electrolytic  copper  refining  has  proved  to  be  a  profitable  method 
of  obtaining  pure  copper  in  large  quantities  at  several  large  works  may 
be  considered  as  proved,  by  the  fact  that  the  process  has  been  earned 
on  without  intermission  for  a  great  number  of  years. 

To  arrive  at  an  approximation  of  the  cost  of  electrolytic  refining  of 
copper  it  will  bo  necessary  to  refer  to  Mr.  Sprague's  experiments  on 
the  deposition  of  copper,  which  were  conducted  with  a  bath  composed 
of  saturated  solution  of  sulphate  of  copper,  3  paiis ;  sulphuric  acid, 
10  parts,  diluted  with  ten  times  its  volume  of  water.  The  source  of 
electricity  employed  was  a  Daniell  cell,  and  the  current  was  varied  by 
varying  the  resistances,  so  that  a  given  thickness  ('0035  inch)  was 
obtained  in  thirty  hours  as  the  slowest,  and  forty-five  minutes  as  the 
quickest  rate.  Between  a  thickness  of  'O0012  inch — determined  by 
repeated  weighings — and  '00144  inch  deposit  per  hour,*  the  deposits 
were  good,  up  to  the  limit  of  the  last ;  beyond  this  all  quicker  rates 
yielded  defective  deposits.  Mr.  Sprague  concluded  from  these  results, 
that  the  limit  of  current  of  i  amp^  to  33  centimetres,  or  about 
5  square  inches,  could  not  be  exceeded  with  advantage.  This  rate, 
from  one  to  twelve,  corresponds  to  300  amp^s  per  square  metre,  or 
nearly  30  amperes  per  square  foot  of  anode.  These  results,  however, 
would  not  be  obtained  in  practice,  from  the  causes  previously  indi- 
cated (impure  anodes,  etc.) ;  indeed,  even  under  the  most  favourable 
conditions  and  with  pure  anodes,  the  deposit  of  copper  in  electjx>- 
typing  seldom  exceeds  one-third  of  this  rate.  The  table  below  shows 
the  thickness  of  deposit  obtained  in  a  working  week  of  156  hours,  in- 
olnding  the  results  obtained  by  Mr.  Sprague  and  M.  Gramme: — 

Inches. 


Blaxiiuum  deposit  (chemically  pure  anoi 
Sprague*8  results  (good  deposits) 
Gramme's  results 


es) 


Hamburg  Works      •       •       • 

Biache  Refinery       .        •        • 
Marseilles  ^Vork8      .        . 
Selly  Oak  Works,  Birmingham 


•067 

*02  to  '24 

•0036  to  '025 
(•02 
t'oo6 

•02 

•007 

•06 


Tlie  purity  of  the  deposited  copper  obtained  by  electrolysis  depends 
upon  several  important  conditiouB,  either  of  which  will  greatly  in- 
fluence the  character  of  the  deposits ;   these  are :    the  strength  and 

*  That  is,  at  a  current  density  of  from  1*925  to  23'  x  amperes  per  square 
foot  of  cathode. 
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tension  of  the  current ;  the  percentage  of  impurities  in  the  anodes ; 
the  altered  condition  of  the  electrolyte  after  dissolying  out  impurities 
from  the  anodes;  the  distance  between  the  anode  and  cathode  sur- 
faces; and  the  temperature  and  density  of  the  solutions.  To  these 
points  Dr.  Wohlwill  appears  to  have  paid  special  attention,  and  as  a 
consequence  is  accredited  with  producing  copper  of  great  excellence. 
The  quality  of  copper  is  found  to  be  uniformly  pure  when  Mr. 
8prague*s  limit  is  not  exceeded. 

In  estimating  the  cost  of  electrolytic  copper  refining,*  we  have  to 
take  into  consideration  the  interest  on  the  capital  embarked  ;  the  cost 
of  fuel  absorbed  in  driving  the  dynamos ;  the  cost  of  labour ;  the  cost 
of  recovering  sulphate  of  copper,  etc.,  from  the  baths ;  and  the  g^eral 
expenditure  of  the  establishment.  Since  many  refiners  are  also  dealers 
in  the  metal,  the  amount  of  copper  in  stock,  as  anodes,  is  not  of  so 
much  consequence,  since  it  is  a  matter  of  indifference  to  them  whether 
it  be  employed  as  anodes  or  otherwise,  except  in  the  event  of  sudden 
fluctuations  in  the  market  prices,  when  important  losses  might  result. 
The  cost  of  fuel  on  the  Continent  is  considerably  higher  than  in 
Birmingham  or  Swansea.  Upon  this  point  M.  Fontaine  says:  "We 
can  estimate  the  cost  of  fuel  at  20  francs  per  ton,  although  that  price 
would  be  too  high  in  the  case  of  Birmingham,  sufficiently  approximate 
for  Hamburg,  and  quite  insufficient  for  Marseilles.  However,  as  we 
are  only  making  a  comparison,  we  vnll  maintain  an  uniform  price ;  it 
will  always  be  easy  afterwards  to  recalculate  the  cost,  taking  as  a  basis 
the  actual  cost  of  fuel  in  the  locality  considered. 

"  An  engine  from  4  to  5  horse-power  consumes  20  kilogrammes 
of  fuel  per  hour;  the  wages  of  the  driver  being  estimated  at  60 
centimes  per  hour,  and  the  necessary  expenses  of  wast<3,  grease,  etc., 
at  4u  centimes  per  hour ;  the  total  hourly  cost  of  the  motive  pov/er 
is,  therefore,  approximately  1*60  francs.  A  20  horac-power  engine 
consumes  50  kilogrammes  of  fuel  per  hour;  the  driver's  wages 
being  about  70  centimes  per  hour,  and  the  accessory  expenses  60 
centimes ;  total  2*30  francs  per  hour.  The  cost  of  maintenance  and 
the  wear  and  tear  of  the  apparatus  in  use  represent  a  TninimnTifi  of 
10  per  cent,  of  the  purchase  price ;  those  of  the  building  5  per  cent. 
The  electric  conductors  which  convey  the  current  in  the  baths  do  not 
alter  in  price.  The  labour  in  a  factory  of  forty  baths  amounts  to 
75  centimes  per  hour,  or  18  francs  per  day ;  it  is  double  this  amount 
in  a  factory  of  120  baths.  The  general  expenditure  can  be  estimated 
at  100  per  cent,  of  the  cost  of  labour  in  large  installations  of  200  or 
300  baths,  for  example,  and  at  150  per  cent,  of  the  cost  of  labour  in 
installations  of  only  40  or  50  baths." 

*  For  diBoossion  hereon,  see  the  following  chapter. 
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The  foregoing  figures  (which  are  only  approximate)  enabled  M. 
Fontaine  to  compile  the  following  oomparatiye  table,  which  is  not  to 
be  taken  as  absolutely  correct,  bnt  as  aerving  as  a  basis  to  a  project. 
The  figures  *'  oonyey  an  exact  idea  of  the  elements  which  constitute 
the  cost  of  the  electrolytio  of  refining,  and  their  true  interest  consists 
in  the  comparison  which  they  allow  of  being  established  between 
yarious  factory  installations : — 


Expenditure  (in  francs)  per  ton  of  refined  oopper. 


Factories  taken  as 
examples. 


Hilarion  Roux,  Mar- 
seilles       

North  German  Refinery, 
Hamburg    .... 

Elliott  Metal  Company, 
Birmingham    .    .    . 


Interest 

on 
capital, 


78-80 
64-65 

35*95 


Motive  I  Mjjn- 
P«>™-  I  anoe. 


112-CO 

39*50 
i8o-o6 


z8 

12 
30 


Labour. 


72*00 
4000 

57*75 


General 
expendi- 
ture. 


io8'oo 
40*00 
57*75 


Total. 


388*80 
19605 

361-45 


*'The  cost  of  fuel  in  Birmingham,"  saysM.  Fontaine,  '*  is  much 
lower  than  we  have  taken  as  a  basis ;  but,  taking  it  at  6  francs  (58.) 
per  ton  at  the  works,  we  find  that  the  motive  power  still  costs  1*20 
francs  per  hour,  or  125  francs  per  ton  of  oopper.  If  we  leave  all  the 
other  figures  unaltered  we  obtain  a  total  of  306*45  francs,  that  is  to 
say,  a  much  greater  expenditure  than  at  the  Hamburg  works.  The 
interest  on  the  capital  engaged  represents  a  small  proportion  only  of 
the  cost  price,  whereas  at  Hamburg  it  constitutes  the  main  expendi- 
ture. As  it  was  easy  to  foresee,  two  factories — those  of  Hamburg  and 
Marseilles — established  with  the  same  elements,  and  on  the  same  lines, 
give  essentially  different  results  in  their  working,  owing  to  their 
respective  magnitude.  At  Hamburg,  where  the  operations  are  con- 
ducted on  a  large  scale,  the  cost  price  of  refining  is  about  200  francs, 
whereas  at  Marseilles,  where  the  works  are  not  of  much  importance, 
this  cost  is  nearly  doubled.  The  arrangement  of  120  baths  in  series, 
and  the  considerable  surface  of  anodes,  is  much  to  be  preferred  to  that 
of  48  baths  of  small  surface,  notwithstanding  the  enormous  capital 
sunk  in  the  first  case.  If  water-power  instead  of  steam-power  were 
used  it  would  still  be  necessary,  for  economically  refining  the  copper, 
to  adopt  the  disposition  in  use  at  Hamburg." 

We  are  quite  willing  to  endorse  M.  Fontaine's  views  as  to  the 
economical  advantage  of  working  with  larg^e  anode  surfaces,  no  matter 
from  what  source  Hie  motive  power  is  obtained,  and  the  observations 
of  Keith  and  others  clearly  indicate  that  in  this  direction  is  to  be  found 
the  chief  clement  of  economy  in  electrolytic  refining,  all  other  con- 
ditions being  duly  fulfilled.     There  can  be  no  doubt,  however,  that  a 
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g^eat  deal  depends  apon  the  character  of  the  dynamo  machines  manu- 
factured for  this  special  puipoae,  and  their  conitruction  should  un- 
doubtedly be  baaed  upon  the  quality  of  copper  which  it  is  intended 
to  refine  by  their  agency.  A  dynamo  that  would  fulfil  all  the  require- 
ments of  electrolysis  for  one  yariety  of  copper  would  be  quite  unsuited 
for  refining  metal  of  higher  resistance.  In  taking  advantage  of  this 
knowledge  lies  the  secret  of  Dr.  Wohlwill's  well-known  successes. 

Respecting  the  cost  of  electrolytic  refining,  the  following  particulars 
have  been  handed  to  us,  from  which  it  will  be  seen  that  there  is  a 
wide  difference  when  compared  with  the  estimates  of  M.  Fontaine. 

Twenty  indicated  horse-power  will  deposit  3  tons  of  copper  in  144 
hours,  the  current  being  g^erated  at  a  coat  of  2  lbs.  of  coal  per  horse- 
power per  hour,  thus :  20-hor8e  power  consumes  40  lbs.  of  coal  per  hour ; 
144  X  40  =:  5,760  lb.  of  coal  per  144  hours,  or  say,  leas  than  3  tons 
of  amall  coal,  which  can  be  purchased  anywhere  near  a  coal-pit  at 
3b.  a  ton,  delivered,  or  in  other  districts  (as  in  Birmingham)  at,  say, 
5b.  per  ton.  Thus  the  total  cost  of  fuel  for  depositing  3  tons  of  copper 
by  one  large  dynamo-electric  maohine  amoimts  to  only  about  15s. 

An  important  consideration  in  the  electrolytic  method  of  refining 
copper  is,  that  the  gold  and  silver — which  are  often  present  in  con- 
siderable quantities  in  crude  coppers — are  entirely  and  easily  re- 
coverable, since  these  metals,  during  the  electrolysis  of  the  impure 
material,  are  deposited  in  the  mud  at  the  bottom  of  the  vats,  from 
which  they  can  be  readily  extracted  by  the  ordinary  processes  of  re- 
fining. As  evidence  of  the  importance  of  this  process  over  the  dry 
method  of  refining  copper,  by  which  small  traces  of  gold  and  silver 
would  not  be  recoverable — ^we  have  been  told  that  in  one  case,  in 
which  a  trial  sample  of  6^  tons  of  crude  copper  were  operated  upon 
by  the  electrolytic  method,  the  mud  from  the  bottom  of  the  baths 
yielded  5^  ounces  of  gold  and  123  ounces  of  silver,  of  the  aggregate 
value  of  about  £5^*  ^  Bum  that  would  leave  a  handsome  profit  after 
paying  the  cost  of  the  operation.  It  is  unnecessary  to  say  that  in 
refining  this  sample  of  copper  by  the  dry  method  both  the  gold  and 
silver  would  have  been  practically  lost. 

Another  important  consideration  in  the  electrolytic  method  of  refin- 
ing copper  is,  that  the  pure  metal  obtained,  from  its  high  conductivity 
is  invaluable  for  all  electrical  purposes,  while  by  its  aid  dynamo 
machines  may  now  be  constructed  of  infinitely  greater  power  than 
would  have  been  practically  possible  some  twenty  years  ago.  In 
electrotyping,  also,  the  pure  metal  presents  advantages  which  all 
practical  electrotypists  will  readily  acknowledg^e.  In  telegraphy,  pure 
electrolytic  copper  presents  advantages  from  its  high  conducting 
power  which  cannot  well  be  over-estimated,  since  even  a  mere  trace 
of  impurity  in  copper  wire  considerably  reduces  its  conductivity. 


CHAPTER  II. 

THE  COST  OP  ELECTROLYTIC  COPPER  REFINING.— 
CURRENT  DENSITY  AS  A  FACTOR  IN  PROFITS. 

Advances  in  Eleotrolytio  Copper  Refining. — Preparing  Estimates  lor 
Cost  of  Erection  of  Refinery.— Cost  of  Offices,  Refinery  Buildings, 
Power  Plant,  Dynamos,  Electrolytio  Vats,  Electrolyte,  Copper 
Anodes,  Stock  Copper,  Copper  Leads,  Circulating  and  Purifying 
Plant. — Total  Capital  Invested,  Annual  Running  Costs,  Interest  on 
Capital  Invested,  Depreciation  and  Repairs,  Labour,  Melting 
Refined  Copper,  Casting  Anodes,  Fuel,  Salaries  of  Management 
and  Clerical  Staff,  Rent  of  Ground.— Importance  of  Current  Density. 
—Annual  Total  Profits.— Example  of  Estimate  worked  out.— Actual 
Costs  of  Electrolytio  Copper  Refineries. — ^Further  Considerations 
on  Current  Density. — Current  Density  in  Copper  Conductors  in 
Electrolytic  Refineries. 

JkdwmMMmm  la  BlMtrolytlo  Oopp«r  Xeflalae.— Since  the  date  of 
the  last  Edition  of  this  work  (18S9),  an  enormous  increase  has  taken 
place  in  the  amount  of  copper  refined  annually  by  electrolytio  processes. 
Titns  Ulke,  in  a  paper  appearing  in  the  £leetrieal  Seview  of  New- 
York,  and  reprinted  in  the  £leetrieian  (voL  46,  p.  582),  states  that  in 
eleTen  of  the  principal  copper  refineries  in  the  United  States,  operated 
dnring  1900,  the  total  daily  production  was  estimated  to  be  516  tons 
or  188,400  tons  annoally.  The  return  is  made  in  long  tons  of 
2,240  lbs.  In  1897,  the  world's  output  of  electrolytio  copper  is  stated 
to  have  been  about  100,000  tons,  whilst  in  1899  the  world's  out* 
put  was  about  200,000  tons,  four-fifths  of  which  was  refined  in  the 
United  States  and  about  one-fifth  only  in  Europe.  The  proportion 
of  the  world's  output  of  electrolytic  copper  which  is  refined  in 
England  is  diminishing,  notwithstanding  the  fact  that  the  business  of 
electrolytio  copper  refining  appears  to  be  a  very  profitable  one.  This 
diminution  is  not  due  to  the  fact  that  less  copper  is  being  refined  in 
England,  but  is  caused  by  the  fact  ^at  the  ou^ut  of  American  and 
European  refineries  is  increasing  more  rapidly  than  that  of  British 
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companies.  It  it  slated  that  the  published  annual  report  of  the 
Boston  and  Montana  Copper  and  Silver  Mining  Company,  at  Great 
Falls,  Montana  (which  refines  53*6  long  tons  of  2,240  lbs.  each  of 
copper  per  diem,  or  I9)296  tons  per  annum,  and  produces  from  the 
slimes  1,000  ounces  of  silver  and  34  ounces  of  gold  per  diem),  shows 
that  the  sales  of  copper,  gold,  and  silver  produced  nearly  £1,500,000 
and  the  amount  payable  to  dividend  after  payment  of  all  expenses 
was  £700,000  {Eieetrieianf  vol.  44,  p.  253),  and  it  may  be  remarked 
that  if  the  total  value  of  all  the  gold  and  silver  extracted  (namely 
under  £90,000  per  annum)  is  deducted,  the  amount  available  for 
dividend  is  still  £610,000  per  annum.  Tliis  large  profit  upon  the 
copper,  which  works  out  at  £31  12s.  od.  per  ton  of  copper  produced 
and  refined,  is  of  course  chiefly  due  to  the  very  high  price  of  copper,  at 
present  (J901)  over  £70  os.  od.  per  ton.  The  figures  given  above 
show  that  the  price  per  long  ton  obtained  for  refined  copper  was 
about  £73  OS.  od.  It,  therefore,  appears  that  the  cost  of  production 
of  one  ton  of  refined  copper  by  the  Boston  Montana  Company  is  about 
£42  per  ton,  neglecting  altogether  any  profit  from  the  silver  and 
gold  present  in  the  copper  and  obtained  as  a  by-product  in  the 
refining  process.  The  extra  value  of  the  gold  and  silver  in  the  copper 
obtained  at  these  works  reduces  the  cost  of  producing  one  ton  of 
copper  by  about  £5.  These  figures  are  further  confirmed  by  the 
Rio  Tinto  Company's  balance  sheet,  showing  that  in  1899,  an  80  per 
cent,  dividend  was  paid  to  its  shareholders,  whilst  large  sums  were 
canied  forward  and  to  reserve,  and  J.  B.  C.  Kershaw,  remarks 
{Ekeliieian,  vol.  46,  p.  391),  that  '^this  proves  the  correctness  of  the 
opinion  that  copper  can  be  produced  for  about  £40  per  ton." 

The  llataWUhinent  of  an  Blaotrolytle  Copp«r  Seflneiy. — The 
first  point  to  be  considered  when  contemplating  the  establishment  of 
an  electrolytic  copper  refinery,  is  the  question  of  the  amount  of 
capital  available  for  theundertaJdng.  This  important  point  being  fixed 
the  other  quantities  necessary  for  making  an  estimate  can  be  obtained 
and  should  be  considered  in  the  following  order:— 

1.  Current  density  required. 

2.  Area  of  ground  required. 

3.  Tons  of  copper  to  be  refined  per  annum. 

4.  Profit  available  per  annum. 

From  the  order  in  which  the  above  quantities  are  considered  it 
might  be  imagined  that  the  current  density  is  the  ruling  factor,  and 
this  is  undoubtedly  the  case. 

Capital  Expendltnre.  —Each  of  the  four  quantities  enumerated 
above  will  be  considered  separately  further  on  in  this  treatise,  but  in 
the  first  place  the  capital  outlay  and  the  annual  charges  under  every 
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head  of  ezpenditnre  in  an  cleotrolytio  copper  refinery  must  be  dis- 
cnssed. 

The  capital  outlay  in  an  electrolytic  refinery  must  be  made  under 
the  following  nine  chief  headings : — 

1.  Cost  of  offices. 

2.  Cost  of  refinery  buildings. 

3.  Cost  of  power  plant. 

4.  Cost  of  dynamo  and  switch  board. 

5.  Cost  of  electrolytic  vats. 

6.  Cost  of  electrolytic  solution. 

7.  Cost  of  copper  anodes. 

8.  Cost  of  copper  in  stock,  with  copper  leads,  etc. 

9.  Cost  of  electrolyte  drcnlating  and  purifying  plant. 

The  annual  costs  of  refining  may  be  considered  under  the  following 
six  chief  headings : — 

I.  Interest  on  capital  invested  and  depreciation  and  repairs  on 

plant. 
a.  Total  annual  cost  of  labour  required  in  refinery. 

3.  Total  annual  cost  of  melting  refined  copper  into  ingots. 

4.  Total  cost  of  fuel  used  for  power  per  annum. 

5.  Annual  salaries  of  management  and  clerical  staff. 

6.  Annual  rent  of  ground  covered  by  works. 

dost  of  Ottcea. — The  cost  of  offices  will  to  some  extent  depend 
upon  the  output  of  the  works,  and  if  T  is  the  number  of  tons  of  copper 
refined  per  annum,  the  cost  of  the  necessary  works'  offices,  may  bo 
reasonably  represented  by  the  expression : — 

Cost  of  offices  in  pounds  =  150  +  o'x  T        ••        ..    (i) 

This  would  make  the  cost  of  offices  £250  for  a  works  having  an  out- 
put of  1,000  tons  per  annum. 

Oost  of  Haflnory  BuUdlBga.— The  area  of  buildings  required  for 
a  g^ven  output  per  annum  depends  upon  the  current  density  employed 
in  the  works,  that  is  upon  the  number  of  amperes  per  square  foot  of 
anode  surface,  and  in  fact  is  inversely  proportional  to  this  density. 
The  following  data  obtained  from  various  sources  will  enable  us  to 
come  to  a  oonolusion  as  to  the  correct  area  necessary  for  a  works 
dealing  with  an  output  of  T  tons  per  annum. 
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TABLE  I. 

Pabticulabs  concebnino  the  Abea  coyebsd  by  Vabious  Goppeb 

Befinebies. 


Works. 


•c 

o 

< 


Hambarg«  North 
German  Befinery 

Oker 

Marseilles    .    .    . 

Bridgeport, 
Connecticut   .    . 

Stolberg  .    . 

Anaconda    .    .    . 


Area 

square 

feet. 


Output 

in 

tons. 


Current 
Density. 


I 


Gore 


1, 
II 


•Electri- 
cian  . 


7,104 

86z 
3,228 

330 

"5 
89 

X2,OCO 

3,498 

5,720 
216 

141,000 

t64,28o 

I'll 

o'77 
15  J?) 

10    (?) 


Square 

foet 

per  ton 

per  year. 


21-53 
6-889 

3627 

2*098 
16*194 

2*194 


Square  feet 

per  ton  per 

year  per 

unit 
current 
density. 


23-68 
27-92 

3^47  (?) 
21-94  (?) 


In  the  aboye  table  the  areas  of  the  works  have  been  taken  from 
Gore's  ^'Electrolytio  Separation  of  Metals,"  bat  the  other  details, 
as  to  current  density,  etc.,  are  from  Watt*s  aooounts  of  the  same 
works.     (Watt's  JEleciro-DepotitioH,  1889  edition.) 

From  the  above  results  it  appears  that  the  area  of  the  works  re- 
quired may  be  reasonably  represented  by  the  ezpresaion : 


Area  of  works  in  square  feet  =  30-=^ 


(2) 


Where  T  =  output  in  tons  per  annum,  and  D  =  the  current 

density  employed  in  ampdres  per  square  foot. 

Now  if  the  height  of  the  building  is  15  feet,  and  if  it  costs  four- 

T 
pence  per  cubic  foot,  the  cost  of  the  building  oyer  the  area  30  yr 

wT  X  60  ?oT 

square  feet  =  ^  ^  pounds  =  ^  pounds.   That  is,  the  expres- 

sion for  the  cost  of  works  building  is : 

Cost  of  works  buildings  in  pounds  =  ^^  . .        . .     (3) 

The  cost  of  the  works  buildings  therefore  for  an  output  of  1,000 
tons  of  copper  per  year,  and  employing  a  current  density  of  10 
amperes  per  square  foot,  is  £750. 


•  Electrician^  vol.  38,  p.  144,  et  $eq. 

t  This  is  not  the  actual  output  of  the  Anaconda  Works,  but  is  the 
output  they  are  designed  to  yield. 
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Cost  oi  Tow&t  TUokt, — ^The  power  required  in  an  eleotrolytic  cop- 
per refinery  varies  directly  as  the  ontpat  in  tons  per  annum,  and 
also  varies  directily  as  the  onrrent  density  employed. 

The  following  results  as  to  the  power  required  in  electrolytio  cop- 
per refineries  are  obtained,  partly  by  recalcuLation,  from  figures  given 
by  Watt,  Gk>Te,  and  others. 

TABLE  n 

Faaticulabs  concsbnino  the  Poweb  Plant  installed  at  Vabioub 

Copper  Befinebies. 


Works. 


Pembrey 
Hamburg  (i) 

Marseilles 
Anaconda 
Works,  1896+ 


Annual 

output 

of  copper 

in]ong 

tons. 


Outout 

dynamo 
in  kilo, 
watts. 


M2'9 

52XS 
88*41 

64,280' 


38-5 
ix*a48 
7-263 


1,630*0      3,000* 


Actual  H.P.' 
of  engines 
employed 
at  works. 


65  I.H.P. 

16 

xa 

5 


(0*362 
17-633 
"*387 


«.540* 


'3 


10 
I*IX 

o'77 
10  (T) 


B. 


O'OIOII 

0*02930 
o'oj459 
0*07345 

0*004668 


0*009387 

0*03218 

0*03283 


0*003952 


In  the  oolnmn  marked  A  in  the  above  table,  the  figures  represent 
the  H.  P.  (whether  indicated,  brake  or  nominal  is  not  stated,  except  in 
the  details  oonoeming  Pembrey),  which  is  actually  inttailedht  the  works, 
per  ton  of  copper  output  per  annum  at  unit  eurrent  density.  In  the 
column  B  the  figures  given  represent  the  B.  H.  P.  which  it  would  be 
neeeuary  to  instal  in  the  works  per  ton  of  copper  refined  per  year 
at  unit  current  density,  to  obtain  the  electrical  output  which  it  is 
stated  is  used.  This  has  been  calculated  from  the  kilowatt  output 
of  the  dynamos,  allowing  a  commercial  efficiency  of  90  per  cent,  for 
the  dynamos  and  95  per  cent,  efficiency  of  transmission  for  the  belt. 
The  dynamos  being  supposed  to  be  belt  driven. 

From  these  results  it  appears  that  if  gas-engines  and  gas  producer 
plant  is  installed,  and  if  the  prime  cost  of  supply  and  erection  of  this 
plant  is  £15  per  B.  H.  P.  installed,  then  the  prime  cost  of  the  plant 
may  be  fairly  represented  by  the  following  expression : 


Cost  in  pounds,  including  erection  )   _         ^^ 
of  gas  engine  and  prodacer  plant  j   —  o  '^  AH 


(4) 


*  With  the  exception  of  the  Pembrey  return  it  is  not  stated  whether 
indicated,  brake,  or  nominal  H.  P  is  intended, 
f  See  note  to  Table  I.  on  Anaconda  Output. 
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This  amonnt  will  amply  ooTer  the  oort  of  the  neooMtty  power 
plant.  For  an  annual  output  of  1,000  toua  of  copper,  and  using  a 
current  density  of  10  amperes  per  square  foot,  the  cost  of  power 
plant  would  be  £1,200. 

Cost  off  Bynamofl  and  Swttehbeard. — It  is  quite  dear  that  the 
output  of  the  dynamos  must  Taiy  in  precisely  the  same  ma^nTmir  as  the 
power  it  is  necessary  to  instal,  and  as  the  electrical  power  developed 
may  be  taken  as  85  per  cent,  of  the  motiTe  power  installed,  and  as 
the  cost  of  supply  and  erection  of  this  plant  may  be  taken  at  about 
£1 1  per  kilowatt  output,  the  cost  of  the  dynamos  and  switch-gear, 
iuoluding  erection,  may  be  obtained  from  the  expression : 

Cost  of  dynamos  and  switchboard,    )  <  m  -n 

including  erection,  in  pounds        J  -  0*056  T.D.      ..    (5) 

For  a  works  haying  an  output  of  1,000  tons  per  annum,  and  em- 
ploying a  current  density  of  10  amperes  per  square  foot,  the  dynamos 
would  therefore  cost  £560. 

Ooat  off  Blectvdjrtlo  Vlits. — If  the  anodes  and  cathodes  in  an 
electrolytic  yat  are  packed  as  doeely  together  as  is  possible,  haying 
due  regard  to  the  avoidance  of  a  short  drcuit,  which  ia  the  more  liable 
to  occur  the  more  closely  the  anodes  and  cathodes  are  permitted  to 
approach  each  other,  it  is  evident  that,  however  or  wherever  the  vats 
are  set  up,  provided  that  they  are  as  closely  packed  as  possible,  the 
yield  of  copper  per  cubic  foot  of  vat  space  must  depend  only  on  the 
current  density  employed. 

The  following  results  obtained  from  various  writers  on  the  electrical 
refining  of  copper  show  how,  at  the  same  current  density,  the  output 
of  copper  per  annum  per  cubic  foot  of  vat  space  varies  from  this 
fixed  value.  The  variations  which  are  actually  observed  are  due  to  the 
greater  or  less  distance  between  the  anodes  and  the  cathodes  (the 
greater  the  distance  the  less  the  copper  output  per  cubic  foot  of 
vat  space)  and  the  different  heights  of  the  lower  ends  of  the 
electrodes  above  the  bottom  of  the  vats  (this  greater  height  is 
necessitated  sometimes  in  dealing  with  anodes  giving  large  quanti- 
ties of  mud  deposit,  and  of  course  reduces  the  output  of  the  vat 
per  cubic  foot.  Sederholm  states  that  in  American  refineries  from 
I  '5  to  2*5  inches  space  is  allowed  between  the  lowest  portion  of  the 
electrodes  and  the  bottom  of  the  vats.  Lastly,  the  larger  the  vat  the 
less  fraction  of  the  available  vat  space  is  lost  in  clearance  between 
the  electrodes  and  the  sides  of  the  vat.  The  size  of  the  vat  must  not, 
however,  be  too  great,  or  inconvenience  in  manipulation  is  found  to 
occur.  The  smallest  annual  copper  output  per  cubic  foot,  at  unit 
current  density  is,  therefore,  to  be  expected  from  small  vats  with  the 
decteodes  far  apart  and   having  the  lower  ends  high  above  the 
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bottom.    Some  fnrUiGr  remarks  upon  the  moet  satisfaotory  aize  of  vat 
will  be  Bubeeqnently  made. 

TABLE  ni. 

Pabticulabs  oomcbbkino  Vat  Space  bbquibei)  at  Vabioub 

Copper  Bbfinebbb. 


Works. 


Biaohe 
Anaconda 

Elliott 
Elkington 
(Pembrey) 
Anaconda 


I 


Watt 
Eleet.j 
vol.  38 
Watt' 
Gore 


s  «> 

•a 

o  a 
.  o 


I 


i 


75 
132-4 

30*25 
42 


1 140 


20 

X,20O 

240 
200 


1.400 


Total 
rat 

■IMbOO 

in 

cubic 

feet. 


Output 

copper 
in  tons 

per 
annum. 


1,500 
158,000 

7,260 
8,400 

196,000 


Z28-6 
64,280 

578-6 
643 

47.250 


1*932  [  22*54 
10  (?)    ,  24-7x7 


8*888  117*5 
10  '  99*64 

13    53*93 


27 

2 

3*5 
275 

2*0 


From  these  leimlta  it  is  evident  that,  with  a  reasonably  satisf aotory 
distance  between  the  anodes,  say  abont  2*7  to  3  inches,  a  space  of 
60  cubic  feet  of  vat  per  ton  of  copper  produced  per  year,  at  a  cur- 
rent density  of  one  amp^  per  square  foot,  should  be  amply  suffi- 
cient. The  cost  of  well-made  electrolytic  vats  of  pitch  pine  lined  with 
lead  should  not  be  g^reater  than  4  shillingfs  per  cubic  foot  if  the  vats 
have  a  capacity  of  at  least  80  cubic  feet,  smaller  vats  cost  more  per 
cubic  foot,  and  the  amount  of  capital  which  should  be  invested  in  vats 
for  a  given  annual  output  of  T  tons  of  copper  obtained  with  a  current 
density  D  is  gfiven  by  the  expression : 


Cost  in  pounds  of  vats  »  12  r=- 


(6) 


The  cost  of  vats  for  an  output  of  1,000  tons  of  electrolytic  copper 
per  annum,  if  a  current  density  of  10  ampdres  per  square  foot  is 
employed,  is  therefore  £1,200. 


*  From  paper  in  the  Electrical  World  and  Engineer,  vol.  37,  pp.  186, 
187 ;  abstracted  in  Science  Abstracts,  vol.  4,  1901,  p.  423.  The  output 
of  copper  here  given  is  stated  to  be  the  a^itual  output.  The  output  in 
the  other  Anaconda  return  in  this  table  is  that  calculated  from  the 
electrical  output  of  the  dynamos  installed. 
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'  Ooit  Of  Blaetrolyto.^The  ooet  of  tho  electrolyte  per  cnbic  foot 
naturally  varies  as  the  cost  of  copper  sulphate.  The  solution  em- 
ployed contains  abont  12  lbs.  of  copper  sulphate  crystals  per  oubio 
foot,  and  has  a  density  of  17*5°  Baum6.  Sixty  cubic  feet  of  this 
strength  of  solution  costs,  if  copper  sulphate  is  £15  per  ton,  £4  168.  4d., 
whilst  if  copper  sulphate  costs  as  at  the  present  date  (March,  1901) 
£25  per  ton,  the  cost  of  60  cubic  feet  of  the  electrolyte  becomes 
£8  IS.  2d. 

The  capital  it  is  necessary  to  put  down  in  electrolyte  is  given  by 
the  expression : 

o*^  TS 
Oost  in  pounds  of  electrolyte  required  =  — ^ —  •  •    (7) 

Where  S  «  price  of  copper  sulphate  crystals  per  ton  in  pounds. 
Thus  the  cost  of  the  electrolyte  solution  for  an  output  of  1,000  tons 
of  copper  per  annum,  and  using  a  current  density  of  10  amperes  per 
square  foot  is  £833  6s.  8d.  if  copper  sulphate  crystals  cost  £25  per  ton. 

Oost  of  Oopp«r  AnodM. — The  amount  of  capital  invested  in 
anodes,  for  a  given  output  of  tons  of  refined  copper  per  annum  at 
unit  current  density  depends  upon  the  thickness  of  the  anodes 
employed.  Of  course  the  thinner  the  anodes  are  cast  the  less  amount 
of  capital  need  be  sunk  in  this  form,  and  it  is  desirable,  therefore, 
that  the  anodes  shall  be  as  thin  as  possible  down  to  perhaps  0*25 
inch,  for  the  amount  of  capital  invested  in  this  way  is  usually  an 
important  sum.  It  is  interesting  to  note  that  a  current  of  99*54 
amperes  running  day  and  night  for  360  days  will  deposit  an  amount 
of  copper  weighing  one  long  ton,  and  the  anode  turfaee  required,  if  a 
current  density  of  one  ampere  per  square  foot  is  employed,  is  there- 
fore 99*54  square  feet,  or,  as  both  sides  of  the  anode  plate  are  available, 
a  plate  having  an  area  of  49*77  or  say  50  square  feet  is  required  per 
ton  output  per  year  at  unit  current  density.  Therefore  if  the  cuzrent 
density  is  D  amperes  per  square  foot  of  anode  surface,  and  if  the 
output  of  refined  copper  is  T  tons  per  annum,  whilst  the  cost  of  anodes 
is  P  pounds  per  ton,  and  t  is  the  thickness  of  the  anode  plates  in 
inches  the  cost  of  the  anodes  required  is  obtained  from  the  expression: 

<  T  P 
Cost  of  anodes  in  pounds  =  — ^—  ••        ,,        ••    (8) 

Thns,  for  example,  if  the  cost  of  anodes  is  ;^7o  per  tou  and  the  thick- 
ness I'O  inch,  whilst  the  output  of  the  refinery  is  1,000  tons  per 
annum  and  the  current  density  is  10  amperes  per  square  foot,  the  cost 
of  the  anodes  required  would  be  ;£'7,ooo.  This  is  equivalent  to  100  tons 
of  copper,  that  is,  the  weight  of  the  anodes  is  10  percent,  of  the  annual 
copper  output  of  the  works.    At  Anaconda  the  weight  of  the.«nodo8 
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IB  lO'S^  per  oent.  of  the  anntial  ontpnt.  {Sleet,  World  and  Engineer, 
^ol<  37f  PP*  i^^i  '^7 :  abstracted  in  Seienee  AbstraeU,  yol.  4,  1901, 
p.  423.)  It  is  probable,  therefore,  that  i  should  be  slightly  over  i  inch 
instead  of  I  inch  as  here  taken.* 

Cost  of  Oopp«r  in  Stock,  inoiiidlns  Cathodos  and  Copper 
loads,  4ko. — Gore  states  that  at  least  a  weight  of  copper  equal  to  the 
weight  of  the  anodes  employed  must  be  considered  as  in  stock  in 
the  form  of  copper  leads,  cathode  plates,  and  stock  of  copper  for 
fresh  anodes. 

The  cost  of  the  copper  leads  may,  however,  be  estimated  with 
moderate  accuracy  from  the  known  details  of  the  copper  refinery  at 
Anaconda  and  from  the  following  considerations  : — If  the  output  of 
the  refinery  and  the  current  density  at  the  anodes  is  fixed,  and  the 
current  density  per  square  inch  cross-section  of  the  conductors  {=-a) 
is  yaried,  it  is  dear  that  the  weight  of  copper  employed  in  these  con- 
ductors yaiies  inyersely  as  a.  Again,  if  a  is  kept  constant  and  the 
current  density  D  at  the  anodes  is  also  constant,  we  may  say  that  the 
volume  of  the  vats  must  be  increased  either  (r)  by  adding  more  vats 
of  the  same  size  in  series,  or  (2)  hy  setting  up  a  fresh  set  of  the  same 
number  of  vitts  in  series  with  a  separate  dynamo,  •.«.,  duplicating  the 
plant,  or  {3)  by  increasing  the  width  of  the  vats  only,  their  length 
remaining  constant.  In  all  these  three  oases  the  weight  of  copper 
eodployed  in  the  conductors  must  vary  directly  as  the  output  of 
copper  T.  But  the  volume  of  the  vats  may  also  be  increased  (4)  by 
increasing  the  leng^  of  each  vat  only  ;  it  may  then  be  seen  that  both 
the  cross- section  of  the  copper  conductors  and  their  leng^  must  be 
increased  in  the  same  ratio,  that  lathe  weight  of  copper  employed  in 
the  conductors  will  vary  directly  as  T^,  Lastly,  in  an  intermediate 
case,  (5)  if  the  dimensions  of  the  vats  are  altered  so  as  to  double  or 
treble,  etc.,  their  volume  and  therefore  their  output,  whilst  the  vats 
are  kept  of  constant  depth  and  of  similar  form  of  plan,  then  each  of 
the  horizontal  dimensions  of  the  vats  must  be  multiplied  by  the  square 
root  of  the  factor  by  which  the  output  has  been  multiplied.  That  is, 
the  length  of  the  conductpr  must  be  increased  by  multiplying  it  by 
the  square  root  of  this  factor,  whilst  to  maintain  the  current  density 
in  the  conductors  fixed  the  cross- section  of  the  conductors  must  be  also 
increased  by  multiplying  them  by  the  factor  by  which  the  output  is 
to  be  increased :  this,  therefore,  means  that  the  weight  of  the  copper 

*  The  difficulty  with  thinner  anodes  is  that  they  have  to  be  so  fre- 
quently replaced  and  the  remains  of  the  old  ones  remelted  and  recast 
that  the  charges  for  these  operations  become  excessive,  and  it  is  there- 
fore more  economical  to  employ  thicker  anodes,  notwithstanding  the 
larger  capital  thereby  necessitated. 
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employed  as  conductors  mnst  be  varied  directly  as  T '  .  As  for 
moderately  large  installations  some  maximnm  size  of  vat  is  employed 
for  reasons  of  economy  and  convenience  of  handling,  and  also  on 
account  of  the  cheaper  cost  per  cubic  foot  of  vat  and  its  larger  output 
per  cubic  foot,  it  is  a  reasonable  supposition  that  some  form  of  the  first 
three  of  the  foregoing  methods  of  increasing  the  vat  space  will  be 
adopted,  and  in  this  case  we  have  the  weight  of  copper  employed  aa 
conductors  varying  directly  as  T. 

Lastly  the  weight  of  conductors  used  is  independent  of  the  anode 
current  density  D,  if  the  output  T  is  kept  constant  and  the  current 
density  in  the  conductors  a  is  also  fixed. 

The  equation  for  the  weight  of  conductors  used  along  the  sides  of 

T 

the  vats  is  therefore  of  the  fonn  Wss  K'  ~. 

a* 

where   W  is  the  weight  of  conductors   in   tons,  and   K!   is  some 

constant :  or  if  F  is  the  cost  of  refined  copper  per  ton  in  pounds, 

then: — 

F  T 
The  cost  of  conductors  in  pounds  :=  K' . 

I  have  made  an  estimate  of  a  probable  value  of  this  constant  K' 
from  the  following  details  concerning  the  Anaconda  Refinery  obtained 
from  a  paper  in  the  Electrician  (vol.  38,  p.  144). 

At  Anaconda  a  1,270  kilowatt  dynamo  of  75  volts  and  3,600  amperes 

runs  200  tanks  in  series ;  each  tank  is  250  om.  long.    The  total  length 

of  tanks  is  therefore  50,000  cm.,  and  adding  one-fiifth  of  this  leng^  to 

allow  for  inter-connection  between  the  vats  and  connection  to  the 

dynamo,  the  total  length  of  these  leads  must  be  600  metres  each,  for 

the  positive  and  negative,  and  this  length  of  lead  has  a  cross  section  of 

3,600  .  ,  .XI  •  xu  *  ^*^o  X  100  X  3,600 
— square  mches:    its  volume  is,  therefore,  — ^ — 

....  ,    .,  .  vi.  .     X        .     120,000  X  3,600  X  62-4  x8'9 

cubic  mches,  and   the  weisfht  m  tons  is   — -^-- 

^  2*54  X  1,722s  X  22-40  X  a 

If  it  is  remembered  that  100  amperes  per  vat  yields  an  output  in  360 

days  of  24  hours  each  of  one  ton  of  copper,  we  have,  using  the  formula 

T 
W=K'  —  already  obtained : — 

120,000  X  3,600  X  62-4  X  8'9__  ^,  200  X  36 

2*54  X  1,728  X  22*4  X  a      ■"  a 

Whence  K'  -  3-39. 

Thus  if  W  B  the  weight  of  copper  in  tons  used  as  conductors,  T  »  the 

annual  output  in  tons  of  the  refinery,  and  a  is  the  current  density  per 

square   inch    cross  section  employed  in  the  copper  conductors,  we 

T 
have  : — W  =•  3  39  — »  and  if  F  is  the  price  per  ton  in  pounds  of  the 
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refined  oopper  of  whicb  the  leadB  axe  made,  then  the  capital  sank  in 

leads  is  found  from  the  equation : 

p/  fji 
Prime  cost  of  copper  conductora  in  pounds  b  3-39  . .    (9) 

Thus  if  F==;^75  per  ton  and  the  output  of  refined  oopper  per  year 
is  1,000  tons,  whilst  the  current  density  in  the  oopper  conductors  is 
250  amperes  per  square  inch,  the  prime  cost  of  the  necessary  oopper 
leads  would  be  ;f  1,017. 

The  above  estimate  only,  howeyer,  includes  the  cost  of  the  two 
positiye  and  two  negative  oopper  mains  running  the  whole  length  of 
the  vats  and  allowing  an  extra  leng^  of  ^th  of  the  total  length  of 
the  vats  for  inter-connections  of  vat  to  vat  and  to  the  dynamo,  but  it 
does  not  include  the  cost  of  the  cross-bars  on  the  vats  from  which  the 
anodes  and  cathodes  hang,  these  cross-bars  may  be  conveniently 
made  of  flat  iron  bars  as  at  the  Anaconda  Works  or  old  steel  rails  of 
small  scantling  may  be  used.  The  cost  of  this  part  of  the  conductors 
may,  therefore,  be  reduced  to  a  very  small  amount,  and  will  probably 
be  amply  covered  by  allowing  about  a  fifth  of  the  cost  of  the  copper 
in  the  main  conductors.  The  total  capital  invested  in  conductors, 
whether  of  copper  or  iron,  may  be  taken  as  being  fairly  represented 
by  the  expression : 

P'T 
Cost  of  copper  and  iron  conductors  =  4*05 ••        ••    (10) 

And  thus  for  1,000  tons  output  per  annum  at  a  current  density  in  the 
copper  of  250  amperes  per  square  inch,  the  copper  costing  j^Js  1^^ 
ton,  would  be  ;£'i,2i5. 

If  for  the  remaining  copper  in  stock  for  casting  fresh  anodes,  and  for 
the  cathodes  a  third  of  the  amount  actually  invested  in  the  anodes  is 
allowed,  a  sufficient  provision  for  copper  will  have  been  made.  At 
Anaconda  the  anodes  are  renewed  in  each  vat  every  34  days,  i.e., 
about  one  'tenth  of  the  total  weight  at  a  time.  (EUetrieal  World  and 
Engineer f  vol.  37,  pp.  186,  187.) 

Collecting  all  the  amounts  of  capital  for  copper  anodes,  cathodes, 
stock  anodes,  and  copper  and  iron  conductors  together  we  obtain  the 
expression  for  the  capital  invested  in  these  items : 

t  TP                  P'  T 
K=i-3+    ~     +405    ^  (11) 

If  the  thickness  of  the  anodes  is  i  inch,  and  the  anode  oopper  costs 
£10  per  ton,  whilst  the  output  of  the  refinery  is  1,000  tons  per  annum, 
and  the  current  density  at  the  anodes  is  10  amperes  per  square  foot, 
whilst  the  current  density  in  the  copper  conductors  is  250  amperes 
per  square  inch,  and  the  copper  of  which  they  are  made  cobts  ^75  per 
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ton,  the  total  amount  of  money  invested  in  the  above-mentioned  items 
of  anodes,  cathodes,  stock  anodes,  and  the  current  oazrying  conductors 
from  formula  (ii)  £10,548.  This  amount  is  half  as  much  again  as 
the  amount  of  capital  invested  in  anodes  alone,  namely,  £7,000,  and 
this  is  lower  than  Groie's  estimate  that  the  total  copper  in  stock  must 
weigh  at  least  double  the  amount  employed  as  anodes.  Probably  if  it 
were  desired  to  reap  as  far  as  possible  the  advantages  of  alow  market 
in  which  to  buy  anodes  it  might  be  advisable  to  hold  rather  more 
copper  in  stock.  The  question  of  the  rise  and  fall  in  price  of  the 
copper,  however,  as  it  is  practically  incalculable,  has  been  excluded 
from  consideration  in  the  present  investigation. 

Cost  of  Clroulating  and  PurlfyiiiK  Plant  for  Treating  aieo- 
trolyta. — The  amount  of  the  capital  invested  under  this  head  is  not 
large  per  ton  output  per  annum,  and  in  the  absence  of  any  very 
reliable  details  on  this  point  I  have  supposed  it  to  be  represented  by  a 
quantity  proportional  to  the  output,  but  independent  of  the  current 
density,  which  must  very  closely  represent  the  true  faots  of  the  case, 
and  the  following  expression  may  be  employed  to  calculate  out  this 
quantity : 

Prime  cost  of  circulating  plant  in  pounds  b  0*4  T       ••    (12) 

That  is,  for  a  refinery  having  an  output  of  1,000  tons  per  annum  the 
oost  of  the  circulating  plant  would  be  £^00. 

Total  Capital  Invested. — From  the  above  discussion  of  details, 
and  adding  up  the  items  of  capital  expenditure  given  in  the  formulas 
from  ( I )  to  ( 1 2) ,  we  obtain  the  following  expression  for  the  total  amount 
of  capital,  £,  invested : 

P' 
Capital  invested  in  pounds  =a  150  +  (4*05  —  +  05)  T  +  o'i76  TD 

+  (i9'5  +  o-i  S  +  I'i  tV)~        (13) 

where    F'  s  price  of  refined  copper  per  ton  in  pounds 
P  =      „        anode  „  in  pounds 

T  s  output  of  refined  copper  per  annum 
D  =  current  density  in  amperes  per  square  foot  at  anodes 
S    s  price  per  ton  of  copper  sulphate  crystals  in  pounds 
t    =3  thickness  of  anode  plates  in  inches 

a    =s  amperes  per  square  inch  allowed  iu  the  copper  current 
conductors,  J 

Or  if  in  a  given  refinery 
V  =  £75  per  ton 

P      =^70  M 

T  B  1,000  tuns  per  annum 


INTEBBBT   ON  CAPITAL   INVBSTBD. 


5^1 


D  = 

8   = 
t    = 

ID  amperes  per  square 
£2$  per  ton 
z'o  inch 

\ioo% 

a   ~ 

250  amperes  per  square  inch 

Then  cost  of  ofBcos 

» 

i:250 

•  • 

..     150  +  ox  T 

II 

buildings 

- 

750 

•  • 

T 
..    7-5  J)- 

power  plant 
dynamos 

= 

Z,200 
560 

•  • 

•  • 

..    0-I2TD 
..    0056  TD 

ti 

electrolytic  vats 

sa 

X,200 

•  • 

T 
,.     12   ^ 

II 

electrolyte 

^ 

834 

•  • 

.     T 

If 

anodes 

^ 

7,000 

•  • 

«TP 
••       D 

«i 

conductors 

<= 

I|2I5 

•  • 

P'T 

n 

stock  copper 

= 

2,333 

•  • 

"     °*3     1, 

n 

circulating  plant 
capital  invested  . 

.    £ 

400 

•  • 

. .    04 T 

Total 

11,225 

...     K 

Unnnal  Coat  of  Beflwltig.— The  next  step  in  our  inyestigation  is 
the  examination  of  the  annual  costs  of  running  an  electrolytic  copper 
refinery.  The  items  of  these  costs,  as  has  already  been  pointed 
out,  are : 

1 .  Interest  on  capital  invested  and  depreciation  and  repairs  on 
plant. 

2.  Total  annual  cost  of  labour  required  in  refinery. 

3.  Total  annual  cost  of  melting  the  refined  copper  into  ingots. 

4.  Total  cost  of  fuel  used  for  power  per  annum. 

5.  Annual  salaries  of  management,  engineer,  clerical  staff,  etc. 

6.  Annual  rent  and  taxes  of  ground  covered  by  works. 

XntM««t  on  Capital  Invested  and  Bepredatlon  and  Bepalra  of 
Plant. — ^The  capital  invested  in  copper  may  be  charged  for  at  the  rate 
of  p2  per  cent.  There  is  no  depreciation  in  this  material  except  in  so 
far  as  the  market  price  may  vary,  but  this  may  either  rise  or  full,  and 
cannot  be  very  readily  taken  into  account. 

If,  therefore,  the  capital  invested  in  copper,  and  copper  sulphate  is 
denoted  by  K2,  the  annual  charge  for  interest  on  this  account  will 

The  remaining  capital  is  invested  in  material  which  will  depredate 
and  require  repairs.    If  JTi  is  the  amount  of  capital  thus  invested,  and 
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a  Pi  is  the  rate  of  interest  oharged  on  it,  whilst  i^i  is  the  peroentage 
rate  charged  on  it  for  repairs  and  depreciation,  then  the  annual  amount 
of  these'charges  will  be  {pi  +P2)  JTi. 

The  annual  charge  for  interest  on  capital  invested  in  copper  and 
electrolyte  expressed  in  pounds  is  therefore : — 

Pt  ^%  ^P%  y*z  -^  +  405 -^  +  03  3- j     . .       •.       (14) 

where  ps  is  the  percentage  rate  of  interest  charged  on  the  capital  Kt 
iu vested  in  oopx>er  and  electrolyte. 

The  annual  interest  upon  and  depreciation  and  repair  charges  upon 
the  capital  sunk  in  the  remaining  plant  is  in  pounds : — 

(Pi+J».)Jr»={;7»+l?,)  {150 +  05 T  + 0176 TD+ 19-5-}    ..    (15) 

Where  ^  is  the  percentage  charge  for  interest  on  the  capital  K\  sunk 
in  plant  and  machinery,  and  p\  is  the  percentage  charge  for  depre- 
ciation and  repairs  on  Uie  same  capital. 

The  total  capital  charge  to  cover  Interest,  depreciation,  and  repairs 
are  therefore  p%  {Ki-^ K^i-^-piKx^piK-^piKi.  Where  K  is  the 
total  capital  sunk  in  the  refinery. 

Total  Annual  Cost  of  Labour. — The  charge  for  labour  may  be 
reasonably  fixed  from  the  following  considerations : — 

At  the  Anaconda  Works  {EUetrietant  vol.  38,  p.  147),  where  labour  is 
expensive,  and  is  therefore  economised  in  as  much  as  possible,  25  men 
deal  with  an  output  of  25  tons  of  copper  per  diem,  and  this  is  in  the  most 
recently  erected  portion  of  the  works,  where  labour-saving  devices  are 
used  at  every  available  opportunity.  In  the  older  portion  of  the 
Anaconda  Works,  built  at  an  earlier  date,  50  men  were  required  to 
deal  with  the  same  output  of  copper.  The  average  wages  of  each 
man  at  Anaconda  is  said  to  be  twelve  shillings  and  sixpence  per  diem, 
say  £^  7s.  6d.  per  week,  which  is,  of  course,  extremely  high.  It  is 
not  stated  whether  this  is  the  complete  night  and  day  shifts, «.«.,  50 
men  during  the  day  and  50  during  the  night.  But  in  the  former 
case  the  labour  would  cost  £1  5s.  per  ton  of  copper,  and  in  the  latter 
double  this,  or  £2  los.  It  is  therefore  pretty  clear  that  50  men  only 
are  employed  to  run  both  shifts.  In  the  returns  made  by  the 
Anaconda  Mining  Company  for  the  cost  of  their  electrolytic  refinery 
during  the  year  1897- 1898,  ^t  is  stated  that  one  man  at  £^  per  week  is 
employed  to  every  140  tons  of  copper  output  per  annum,  that  is,  the 
cost  of  labour  is  as  much  as  ;£'i  9s.  8d.  per  ton. 

Gore  states  (**  Electrolytic  Separation  of  Metals,'*  p.  223)  Uiat 
probably  about  20  men  workin>r  day  and  night  can  completely  deal 
with  about  30  tons  per  week.    This,  evidently,  is  meant  to  represfml 
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two  ahifts  of  10  men  each,  and  under  these  circumstances  at  £1  Os.  per 
week  per  man  the  cost  of  labour  woold  work  ont  at  £0  13s.  4d.  per 
ton  of  copper  prodnoed  ;  for  if  this  return  is  meant  to  represent  two 
shifts  of  20  men  each,  then  the  cost  of  labour  per  ton  works  ont  at 
£1  68.  8d.y  which  is  nearly  as  high  as  is  the  case  in  the  American 
Anaoonda  Works,  where  labour  is  very  expensive.  Probably  the 
following  expression  will  give  a  satisfactory  value  for  the  cost  of 
labour  required  per  annum. 

Cost  of  labour  in  pounds  per  annum  »  0*6  w  T        ••    (16) 

When  w  represents  the  weekly  wages  in  pounds,  and  T  is  the  number 
of  tons  output  of  refined  copper  per  annum.  Thus,  for  an  output  of 
1,000  tons  per  annum,  and  with  wages  of  £l  per  week,  the  annual 
labour  bill  will  be  £666. 

Annual  Cost  of  Hfltlng  Belln<Nl  Oopp«r. — ^The  cost  of  melting 
the  refined  copper  down  into  ingots  for  sale  is  stated  at  Anaconda  to 
be  as  much  as  i6s.  8d.  per  ton  {Electrieiany  vol.  38,  p.  147),  but 
the  cost  of  fuel  is  high,  being  £1  2s.  iid.  per  ton,  and  labour  is,  as 
already  stated,  very  high.  It  is  therefore  probable  that  los.  per 
ton  will,  in  most  cases,  be  an  ample  amount  to  cover  this  charge.  As, 
however,  this  charge  varies  with  the  cost  of  fuel  and  the  price  of 
labour,  and  as  it  moreover  forms  a  fairly  large  percentage  upon  the 
total  cost  of  refining  a  ton  of  copper,  it  would  be  desirable  to  express 
the  quantity  in  terms  not  only  of  the  annual  output  of  refined  copper, 
but  also  in  terms  of  the  cost  of  fuel  per  ton  and  the  price  of  labour. 

If  m  is  the  cost  of  melting  one  ton  of  the  copper,  it  is  probable  that 
the  value  of  m  expressed  in  terms  of  it,  the  weekly  wages  per  man 
in  pounds,  e  the  price  of  fuel  in  pounds  per  ton,  T  the  annual  output 
of  copper  in  long  tons,  would  be  found  from  an  equation  of  the 
form  m  =  6'  IT  IT  —  ft"  T,  when  b'  and  b"  are  constants. 

However,  as  I  am  without  sufficiently  definite  data  on  the  values  of 
the  constants  involved  in  such  an  expression,  I  limit  myself  to  the 
following  somewhat  unsatisfactory  estimate. 

Annual  cost  of  melting  refined  copper  in  pounds  «  1*25  m  T      ,•    (17) 

where  m  is  the  oost  of  melting  one  ton,  and  the  factor  i  '25  is  to  allow 
for  remelting  scrap  anodes,  etc.  That  is,  for  an  output  of  1,000  tons 
per  annum,  when  m  is  ten  shillings,  the  charges  under  this  head  would 
be  £625. 

Oost  off  Fuel  iifl«d  fbr  Power  per  Annum. — The  cost  of  fuel  em« 
ployed  in  the  power  plant  simply  depends  upon  the  B.  H.  P.  to  be  deve- 
loped, and  it  is.  therefore  only  necessary  to  calculate  out  the  weight  of 
ooal  required  to  develop  the  B.  H.  P.  employed,  in  order  to  obtain  a 

LL 
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griven  output  of  copper  per  year  at  a  g^ven  current  density.    The 

0*12  T  D 
neoeasary  B.  H.  P.  has  already  been  found  to  be (see  p.  503), 

and  as  in  a  gas- generator  plant  each  B.  H.  P.  hour  developed  requires 
always  less  than  2*5  lbs.  of  ooal,  the  total  weight  of  coal  employed 
per  annum  is  under  0*07714  T  B  tons,  and  if  the  ooal  oo^ts  e  pounds 
per  ton,  the  annual  cost  of  coal  is  obtained  from  the  expression  : 

Cost  of  fael  used  for  power  per  annum  =  0*0771  TD  c  in  pounds  •  •    (x8) 

That  is,  the  cost  of  fuel  per  annum  for  an  output  of  1,000  tons  of 
refined  copper,  at  a  current  density  of  10  amperes  per  square  foot  of 
anode,  with  coal  costing  £1  per  ton,  would  be  £771. 

Annnal  Salaries  of  Managemant,  Bngtiiaar,  and  derieal 
Staff. — These  salaries  are  independent  of  the  current  density  em- 
ployed, and  may,  I  consider,  be  reasonably  expressed  by  the  formula : 

Salaries  of  management,  engineer  \  4.    •    a  t 

and  clerks  in  pounds  per  annum  i*^     +0131..    (19) 

Thus,  with  an  output  1,000  tons,  the  annual  disbursements  under  this 

head  would  be  £536. 

Annual  Bant  and  Tazaa  off  Oronnd  Covarad  by  Works. — ^This 

annual  charge  depends  upon  the  area  of  the  works,  and  the  rent  per 

unit  area.  We  have  already  seen  that  the  requisite  area  of  the  works  is 

T 
30|r  square  feet,  and  if  B  is  the  annual  rent  and  taxes  in  pounds  per 

square  yard,  the  annual  charge  under  this  head  is  given  by  the 
expression-^ 

TR 
Annual  ground  rent  and  taxes  in  pounds  a  3*33    -^—  ••    ^ao) 

Thus,  if  the  annual  output  is  f  ,000  tons  at  a  current  density  of  10 
amperes  per  square  foot,  of  anode,  and  the  rent  and  taxes  is  as  much 
as  6d.  per  square  yard,  that  is,  £121  per  acre,  the  annual  charge  for 
rent  and  taxes  would  be  £8  6s.  6d.  The  amount  for  rent  and  taxes 
dven  if  it  is  ten  times  as  large  as  the  value  here  adopted,  is  a  rela- 
tively small  charge  on  a  ton  of  copper  produced. 

TlM  Xmportanoa  off  Onrrant  Donaltj. — Having  now  discussed  in 
some  detail  the  various  disbursements  which  it  is  necessary  to  make 
when  conducting  an  electrolytic  copper  refinery,  we  are  in  a  position 
to  observe  the  great  influence  which  the  current  density  employed  has 
upon  the  capital  and  annual  outlay  per  ton  of  copper  refined  per 
year.  There  is,  in  fact,  some  particular  current  density  which  will 
yield  the  most  satisfactory  financial  results,  and  this  partionlar  best 
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density  varies  with  the  price  of  coal,  the  cost  of  melting  down  each 
ton  of  refined  copper  into  ingfots,  the  rate  of  wages  paid,  the  rate  of 
interest  paid  upon  the  capital  invested,  and  lastlj,  but  most  important^ 
upon  the  difference  in  price  upon  the  works  between  the  price  paid  for 
anode  copper  and  the  price  obtainable  for  the  refined  copper,  together 
with  the  value  of  the  silver  and  gold  separated  from  it  (if  this  value 
goes  to  the  refiner,  which  is  not  always  the  case). 

The  following  table  gives  the  current  density  in  amperes  per  square 
foot  of  anode  surface,  as  employed  at  different  copper  refineries  in 
America,  England,  Germany  and  France  : — 


TABLE  IV. —  Pabticulars  conceiining  Curbent  Density  employed 

AT  Various  Copper  Refineries. 


Current  density 

Works 
Proprietor. 

Location. 

• 

Authority. 

iu  amperes  per 
square  foot  of 

•Wate 

anode  surface. 

WohlwUl      . 

Hamburg, 

1-925 

ist  installation 

Wohlwill     . 

Hamburg, 

2nd  installation 

•Watt 

I'll 

(Eschger,  Mes- 

dach&  Co. 

Biache      .... 

•Watt 

1932 

Hilarion 

Boux 

Marseilles     .     .     . 

•Watt 

077 

,    EUiott     .    . 

Selly  Oak, 

Birmingham 

•Watt 

8-888 

Elkington    . 

Pembrey  (i).    .    . 

Gore  .    . 

lO'O 

Elkington    . 

Pembrey  (2) 
Anaconda,  U.S.A. 

"Gore  .    . 
{Philip     . 

80 

10  to  15 

Two  things  are  evident  from  these  figures,  which  are,  first,  that 
the  density  employed  at  different  works  has  varied  a  good  deal ;  and, 
secondly,  that  although  the  density  employed  varies  thus  over  a  oon- 
siderable  range,  in  no  case  is  it  over  15  amperes  per  square  foot.  In 
this  connection,  Mr.  S.  O.  Cowper  Coles  makes  the  statement,  that 
*'  whereas  formerly  currents  of  only  two  to  four  amperes  per  square 
foot  were  thought  permissible,  to-day  current  densities  of  from  15 
to  20  amperes  are  said  to  be  employed  in  some  establishments,  and 


•  These  results  are  calculated  from  data  given  by  Watt,  ''  Electro- 
Deposition  of  Metals,"  1889  edition. 

t  The  density  is  stated  as  being  employed  by  Gore,  *'  Electrolytic 
Separation  of  Metals,"  p.  204,  1890. 

X  Calculated  from  details  of  these  works  given  in  Electrician, 
vol.  38,  p.  144,  1896. 
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the  end  is  not  yet  in  sight "  (Journal  of  tk$  Inttituiion  of  Slectrioai 
Sngint^t,  vol.  zxix.,  p.  260,  1900).  \  am  not,  however,  aoqnainted 
with  the  details  of  any  electrolytic  copper  refinery,  in  which  a  greater 
oQixent  density  than  ahout  15  ampdiei  per  square  foot  has  heen 
tuecestfuUy  employed  oyer  any  length  of  time,  and  I  am  strongly  of 
the  opinion  that  it  cannot  pay  to  employ  a  greater  cnmnt  density 
than  16  amperes  per  square  foot  at  the  outside,  \f  the  product  of  tko 
rejlnory  w  merely  pure  refined  copper,  and  not  {ae  in  the  Ehnore  pro^ 
eeu)  eome  manttfaetured,  or  partly  tnanufaetured,  artiele  of  copper,  such 
as  eheetSf  tubee,  wire,  etc, 

TbBTe  is  a  delnsive  plausibility  in  the  statement  that  a  largely 
increased  current  density  makes  tiie  output  of  a  given  plant  propor- 
tionally greater,  and  thereby  increases  the  profits  obtainable  in  an 
equal  degree.  People  advancing  such  views  lose  sight  of  the  fact 
that  to  double  the  current  density,  and  therefore  the  output,  the 
power  plant  and  dynamos  must  be  increased  to  four  tiinee  their 
original  size  at  least. 

In  order  to  more  dearly  bring  out  the  effect  which  the  alteration  of 
the  current  density  employed  in  electrolyms  has  upon  the  ooet  of 
refining  each  ton  of  copper,  let  us  imagine  that  a  works  which  has 
an  output  of  1,000  tons  of  copper  per  annum  at  a  current  density 
of  10  ampdres  per  square  foot  of  surface  of  anode,  alters  its  densi^ 
to  several  other  current  densities,  both  smaller  and  greater  than  10. 
Let  us  then  accept  the  foregoing  figfuroB  calculated  out  on  a  basis 
of  this  output  and  current  density,  and  then  modify  them  by  simply 
inserting  some  value  of  current  density  other  than  ten,  in  the  respec- 
tive formulae  given,  and  from  these  calculate  the  costs  of  refining  one 
ton  of  copper  at  the  various  current  densities  selected.  It  must  be 
remembered  then  that  no  factor  but  the  current  density  is  varied  in  the 
following  calculationB.  But  of  course  as  the  refinery  is  supposed  to 
have  the  current  density  varied,  the  costs  of  the  offices,  refinr^ry  build- 
ings, electrolytic  vats,  and  rent  and  taxes  remain  fixed,  whilst  the 
power  plant,  dynamos,  and  circulating  plant  munt  be  increased  for  an 
increase  in  exx>enditure  as  the  current  density  is  raised,  but  cannot  be 
reduced  when  the  current  density  is  lowered. 

From  the  results  given  on  this  table  it  is  evident  that  the  cost  of 
refining  one  ton  of  copper  under  the  particular  conditions  stated  will 
be  least  when  the  current  density  at  the  anode  is  somewhere  about  15 
amperes  per  square  foot.  The  direct  calculation  of  the  precise  value  of 
the  most  advantageous  current  density  will  be  dealt  with  in  the 
following  paragraphs. 

^«i«if  1  Total  Vroflta. — The  annual  total  profits  obtainable  from 
any  copper  refinery  may  evidently  be  expressed  by  the  following 
equation  (p.  518) : — 


TABLE  V. — ^Effect  op  Varying  the  Gurbemt  Denbitt  at  a  given  Copper 

Befinery  upon  the  Available  Profits. 

The  Corrent  Density  originally  employed  at  the  refinery  is  supposed  to  be  lo, 
and  the  output  at  this  density  i,ooo  tons  of  refined  copper  per  annum. 


Current  density  at  anode 
/Cost  of  offices 


^1 


Cost  of  refinery  buildings    . 

Cost  of  power  plant     .    .    . 
Cost  of  dynamo  and   switch 
board • 

Cost  of  electrolytic  vats  .    . 

*  Cost  of  circulating  plant .    . 
Capital  invested  in  plant  other 
tiian  metal  and  electrolyte 


} 


D 

150  +  o-i  T 
T 

012  TD 
0056  T  D 


^.\ 


I 


Cost  of  eleotrolyte 

Cost  of  copper  anodes .    .    .    • 

Cost  of  copper  and  lion  con- 
ductors  < 


T 

D 
04  T 


"d 


^1 


Cost  of  copper  in  stock 


Capital  invested  in  metal  and 
electrolyte 


[ 


Total  capital  charges 


interest,  repairs,  and  deprecia-  j 
tion  on  capital  £1  at  is°/o  y 
(j),=9'/o^,  =  6^0)     .     .     J 

Interest  only  on  capital  K^  at  6  > 

Annual  cost  of  labour  .... 

Annual  cost  of  melting  copper. 

Annual  cost  of  fuel  for  power  . 

Salaries  of  management,  &c.    . 

Annual  rent  and  taxes     .    .    . 

Total  annual  charges  .... 

Tons  of  copper  refined  annually 

Cost  of  refining  per  ton  when  {^ 
6  ic  is  paid  on  all  capital    .  i 

Cost  of  refining  per  ton  if  no 
interest  is  paid  on  capital, 
but  only  9  7^  is  charged  on 
the  capital  £,  to  cover 
depreciation  and  repairs    . 

Profits  available  per  ton  when  ) 
P«-.p=^5 f 

Total  ]9rofits  under  same  con-  ) 
dition ) 

Available  percentage  profits  on 
total  capital   under  same  - 
condition 

Capital  outlay  on  plant  per  ton  ) 
output > 

Capital  outlay  on  metallic  cop- 
per and  electrolyte  per  ton 
output 

Total  capital  outlay  per  ton 
output 
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750 

1200 
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90 
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2000*6 
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1737*0 
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59909 
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3*993 

3-251 

1-749 
2623*5 

13*99 

4-373 

7*994 

12*367 


20 

250 

750 
4800 
2240 

1200 
800 


9640 


834 
7000 
2430 
2333 


12597 


22637 


1446*0 
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13320 
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3084*0 
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3*607 
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Profits  per  annnni  in  poundB  = 

T  (P"-P)~j),  (JTj  +  K^)--p^K^-o'6  w  T-r25  m  T 

—0-0771  T  D  0-400-0-136  T-3-*3  -^        ..        ,•        (si) 

T 
Wliere^2=i50  +  O'sT  +  0-176  TD  +  i9*5^  see  equation  (15). 

And  JTi  =  4-05  t—  +     y      +  1-3  -^  see  equation  (14). 

If  these  yaLues  of  JTi  aad  K2  are  inserted  in  the  formula  (200),  and 

AD 
if  it  is  remembered  that  T  »  - — -,  see  equation  (2),  we  can  obtain  an 

expression  for  the  total  annual  profits  expressed  in  terms  of  D,  and  if 
this  expression  is  then  differentiated  with  respect  to  D,  and  the  result 
equated  to  zero,  a  solution  for  D  can  be  obtained,  which  gives  the 
value  which  the  current  density  should  hare  under  the  given  con- 
ditions, in  order  that  the  available  profits  on  the  undertaking  shall  be 
a  maximum.  The  particular  most  profitable  value  of  D  depends  upon 
almost  all  the  quantities  which  we  have  so  far  considered.  This  alge- 
braical solution  for  D  does  not,  however,  give  a  simple  formula,  and 
for  this  reason  the  problem  of  determining  the  best  current  density  to 
employ  under  given  conditions  has  been  attacked  in  a  more  direct 
manner.  In  order  to  deal  with  this  question  it  is,  however,  first 
necessary  to  consider 

Tlie  Preparation  of  Battmatoa  tor,  and  Baalsn  of,  an  Blootro- 
lytto  Copper  Xeflnery . — ^From  the  various  equations  developed  above, 
it  IB  now  possible  to  readily  prepare  estimates  for  the  establishment  of 
electrolytic  copper  refineries  upon  a  sound  basis,  and  to  forecast  with 
considerable  accuracy  what  the  profits  of  working  will  be. 

Let  us  then  imagine  that  it  is  proposed  to  invest,  say,  ;^i  0,000 
as  capital  in  an  electrolytic  copper  refinery,  and  it  is  desired,  as  a  pre- 
liminary, to  decide  upon  the  size  and  cost  of  the  works  which  should 
be  built,  the  necessary  ground  area,  the  output  in  tons  of  refined 
copper  per  year  and  the  probable  profits  which  are  to  be  looked  for  if 
the  venture  is  carried  out. 

Firstly,  it  is  necessary  to  fix  upon  the  most  favourable  locality,  and 
this  must  be  so  chosen  that  the  difference  of  price  between  the  cost 
per  ton  of  the  refined  and  the  unrefined  copper,  including  the  cost  of 
gold  and  silver  present,  is  a  maximum,  whilst  the  cost  of  fuel  and 
labour  are  as  small  as  possible.  The  coDdition  that  freightage  for 
markets  should  be  as  low  as  possible  is  included  in  the  condition  that 
the  difference  between  spot  values  of  the  refined  and  unrefined 
metal  per  ton  shall  be  a  maximum. 

Having  then  selected  our  locality  we  can  with  very  dose  accuracy 
know  the  values  of  the  quantities  involved  in  our  formula,  namely. 


PBEPARATION    OF   ESTIMATES.  519 

cost  of  ooal  per  ton,  oost  of  labour  per  man  per  week,  cost  of 
melting  one  ton  of  copper,  and  the  difference  between  the  spot  yalnes 
of  the  refined  and  nnrefined  copper  per  ton.  Thns  let  K  «=  £10,000, 
F  =£80,  P  =  £68,  F'  »  £72,  S  »  £25,  t^  I  inch,  a  ^  250  am- 
X>dre8  i>er  square  inch,  w  bs  £i,  c  as  £1,  masa  £0*5,  and  let  B  have 
successively  all  values  between  one  and  twenly-fire  amperes  per 
square  foot,  and  let/  =s  ^^q. 

The  first  step  then  is  to  calculate  out  the  value  of  the  area  of  land 
required  for  each  current  density  employed,  and  this  may  be  done  from 
the  formula 

•      ao(K-i5o) ^^^ 


•  • 


4-05 FD  +  0-5 D  +  0-176 D«  +  195  +  0-38  +  13  t  P 
a 

This  equation  (in  which  A  ia  given  in  square  feet)  is  obtained  from 

D  A 

equation  (13],  the  value  of  T  being  replaced  by  — ---  to  which  it  is  equal. 

See  equation  (2].     The  results  of  these  calculations  are  g^en  in 
Table  YI.,  oolnmn  2  (see  overleaf). 
The  next  step  is  to  determine  the  output  of  the  works  in  tons  of 

refined  copper  per  annum  by  means  of  equation  (2),  namely,  T  =^ 

The  results  of  these  calculations  for  each  current  density  from  i  to 
25  are  given  in  Table  YI.  (see  overleaf),  lines  27  and  22. 

Having  thus  obtained  the  output  of  the  works  T  for  each  current 
densiiy  employed,  we  may  proceed  to  calculate  out  all  the  various 
itenu  of  capital  and  annual  expenditure  by  means  of  the  formula 
already  develoi)ed  in  equations  (3)  to  (20).  This  has  been  done  and 
the  results  arranged  in  Table  YI.  Finally  the  annual  total  profits  are 
calculated  out  from  equation  (21),  and  are  given  in  line  23  of  Table  YI., 
when  F'  =  £72,  and  in  line  25  when  F'  =  £73.  Hie  percentage 
profits  under  each  of  these  conditions  are  tabulated  in  lines  24  and  26. 

The  way  in  which  the  percentage  of  profits  varies  with  the  current 
density  is  also  shown  in  Fig.  127a  in  the  form  of  two  curves  plotted 
with  percentage  profits  as  ordinates  and  current  density  as  abscisssB. 
One  curve  shows  the  variations  of  percentage  profits  with  the  current 
density,  when  the  difference  between  the  price  of  the  refined  and  the 
anode  copper  is  £4  per  ton,  and  the  second  when  this  difference  is 
£5  per  ton.  In  both  cases,  however,  the  cost  of  the  anode  copper  is 
£68  per  ton.  The  curves,  in  fact,  represent  the  numerical  results  in  linea 
24  and  26  of  Table  YI.  plotted  as  ordinates,  with  the  current  densitaes 
in  line  i  plotted  as  abscisse. 

Aetaal  Cost  of  Blaetrolytlo  Copp«r  XafliMrlaa. — The  foregoing 
results  given  in  Table  YI.,  and  on  the  curves  in  Eig.  127a,  have  been 
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calculated  out  chiefly  in  order  to  iiidicate  the  preciae  line  in  which  the 
problem  of  the  beet  design  of  an  electrolytic  copper  refinery  for  the 
establishment  of  which  in  a  neighbourhood  a  definite  amount  of 
capital  is  ayailable,  should  be  attacked.  Whatever  opinion  may  exist 
as  to  the  values  of  the  constants  adopted,  the  form  of  the  expressiona 
must  be  closely  in  accord  with  the  truth,  and  in  my  opinion  the  con- 
stants selected  cannot  be  largely  in  error. 


CURVE  I. 
Showing  the  variation  of  the  profits  obtainable  in  an  electrolytic 
copper  refinery  in  which  a  capital  of  £10,000  is  invested  when 
the  current  density  at  the  cathodes  is  varied.  The  details  of 
the  various  constants  involved  are  given  at  the  head  of 
Table  VI.  The  two  above  curves  are  in  fact  a  graphical 
representation  of  the  two  lines  24  and  26  on  Table  VI. 

Fig.  127a. 

Besides  the  gpeneral  reasoning  given  in  the  earlier  portion  of  this 
chapter,  there  are  two  other  pieces  of  independent  evidence  which  point 
to  a  considerable  accuracy  in  the  method  of  calculation  adopted. 
Firstly,  the  results  obtained  in  Table  VI.  sliow  in  line  28  that  the 
smallest  cost  of  electrolytically  refining  a  ton  of  copper  is  just  over  £3, 
and  this  is  precisely  the  amount  which  it  is  stated  to  oost  from 
results  obtained  in  the  best  manufacturing  experienoe  (see  p.  561). 
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Secondly,  F.  B.  Badt  has  publislied  estimates  for  an  electrolytic 
copper  lefining  plant  to  give  an  output  of  5,357  long  tons  of  copper  per 
year  {lUeetrieai  Engineer  of  New  York,  vol.  13,  1892,  p.  598),  and  he 
finds  that  £28,900  would  be  required  for  the  plant  installed,  not 
including  the  copper  anodes  and  stock  copper.  Whilst  if  the  current 
density  is  assumed  to  be  12  amperes  per  square  foot  of  anode  (this 
cuzrent  density  is  selected  because  it  is  that  most  generally  employed 
in  America,  for  which  country  F.  B.  Badt's  estimates  are  made)  it  is 
found  that  the  total  capita]  required  as  calculated  out  by  the  fore- 
going formula  is  £29,460.  Badt  does  not  state  how  his  results  were 
calculated  out,  but  presumably  they  represent  his  experience  of  some 
of  the  better-known  American  refineries.  The  results  as  obtained  by 
Badt,  and  by  calculation  by  the  formulae  here  developed,  do  not  difPer 
by  2  per  cent.,  a  striking  result  when  one  considers  that  they  are  quite 
independently  obtained. 
I  place  Badt's  estimates  and  my  own  side  by  side  : — 


Badt'B  Estimate. 
(Ou^t  of  5357  long  tons  per  annum.) 

£ 

Buildings     •       .       .       .  6000%     £ 
Pavement    ....     400  v  6800 
BaUs  and  travelling  tackle       400^ 

Pipef 800' 

Vats 1500 

Sheet-lead  lining         .       .  5600  '6400 
Lead  burning       .       ...     300 
Steam  injector     .       •       .     200/ 

Dynamoe      ....  6000 

Steam  engine  and  shafting  4600 
Electrolyte  ....     900 

Gonduotora  ....  2200 


Total 


£28,900 


Calculated  from  Fonnulse 
(D=xa    1=5357). 

£ 


Vats 

Circulating  plant  . 

Dynamos  .  • 

Pover  plant  .  . 

Electrolyte  .  . 

Cooiductors  .  . 

Total.  • 


.  36x3 

•  774« 

.  373a 

.  2830 


£29.460-5 


Hie  estimate  which  Badt  made  for  the  necessary  anodes  and  stock 
copper  was  only  £16,000  and  as  copper  in  1892  had  an  average  value  for 
G.M.B.  brands  of  about  £45*5  per  ton  (according  to  H.  B.  Kerton 
and  Go.'s  lists)  the  number  of  tons  of  copper  allowed  by  Badt  for 
anodes  is  351*6  tons,  that  is  a  weight  of  only  6*56  per  cent,  of  the 
total  annual  output  of  the  refined  copper  of  the  refinery.  But  the 
estimate  for  the  copper  anodes  and  stock  copper  calculated  out  from 
the  formulsd  is  £35,828  when  copper  cost  £60  per  ton,  that  is 
597*13  tons  or  11*147  of  the  total  annual  output  of  the  refinery.  In 
my  opinion  Badt's  estimate  of  the  weight  of  copper  for  anodes  and 
stock  copper  was  seriously  too  low,  for  at  Anaconda  the  weight  of 
anodes  alone  without  stock  copper  is  as  already  pointed  out  as  high  as 
10*85  per  cent,  of  the  total  annual  output  of  the  refinery  (Eleetrieal 
World  and  Engineer^  vol.  37,  pp.  186- 187,  abstracted  in  Science  Abatracttf 
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vol.  4, 1 90 1,  p.  423),  and  it  is  not  at  all  probable  that  the  total  amount 
of  copper  anodes  and  stock  copper  can  be  rednced  much  below  this 
amount  unless  it  becomes  economicallj  possible  to  employ  current 
densities  considerably  larger  than  those  which  Badt's  estimates  for 
power  plant  show  that  he  must  have  contemplated. 

Txathmt  OoaaldMratlons  on  Onnront  Dsnattjr  at  thm  Oatbod*  In 
Oopptr  Saflnariaa. — In  all  the  foregoing  discussion  of  the  important 
question  of  current  density,  it  has  been  supposed  that  the  only  limit 
to  the  largeness  of  the  current  density  to  be  employed  was  that 
imposed  by  the  prime  cost^  and  interest  and  depredation  of  plant, 
cost  of  energy,  labour,  fuel,  oopper,  &o.,  but  besides  these  important 
factors  there  are  two  other  limiting  conditions  which  are  as  important 
as  any.  These  conditions  are  firstly,  the  alteration  of  the  mechanical 
oharaoter  of  the  electro-deposited  copper  on  the  cathode  as  the  onnent 
density  alters,  and  secondly,  the  alteration  of  the  chemical  nature  of 
the  oopper  under  the  same  dioumstances.  In  short,  it  is  found 
that,  unless  some  very  special  means  are  used,  the  copper  which  is 
electro-deposited  with  cuzient  densities  much  above  about  14  or  15 
amp&res  per  square  foot,  tends  to  take  a  dystalline  and  loose  forma* 
tion,  thus  tending  finally  to  long  growths,  which  may  short-circuit  a 
vat.  Further,  if  the  electrolyte  contains  much  impuzify  the  high 
current  density  is  favourable  to  the  precipitation  of  arsenic  and  anti« 
mony  with  the  copper,  thus,  of  course,  much  reducing  its  value.  My 
aim  has,  however,  been  to  call  attention  to  the  fact  that,  without 
considering  any  limiting  conditions  of  this  kind,  the  current  density 
must,  even  under  conditions  very  favourable  to  the  high  current 
density,  be  kept  generally  under  15  amperes  per  square  foot, 
and  usually  lower  than  this,  if  the  most  profitable  working  of  a  refinery 
is  desired.  This  fact  is  not  popularly  recognised,  and  many  efforts 
have  been  directed  to  obtaining  a  high  current  density,  where  such  a 
density  is  undesirable  and  cannot  be  a  profitable  arrangement. 
American  practice  in  electrolytic  copper  refineries  is  generally  to  work 
with  a  current  density  not  higher  than  10  to  15  amperes  per  square 
foot,  although  many  attempts  have  been  made  to  employ  higher  values. 

Onrvant  Density  in  Oopper  Conductors. — The  most  economical 
current  density  to  employ  in  a  bare  metal  conductor  is  found  by  Lord 
Kelvin's  law  by  the  formula 

in  which  a  =:  amp^s  per  square  inch  cross  section  of  copper  con- 
ductor, P  =  the  price  per  ton  of  the  metal  in  the  form  of  the  con- 
ductor in  pounds,  d  =  the  specific  gravity  of  the  metal,  p  =  the 
aleotrical  resistance  of  one  cubic  inch  of  the  metal  at  ordinary  tem- 
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peratureB  in  ohms,  p  =z  the  rate  of  intereBt  to  be  charged  upon  the 
capital  invested  in  the  metal,  k  is  the  price  in  pence  of  a  kilo- 
watt hour  or  Board  of  Trade  unit  of  electrical  energy,  and  t  is  the 
number  of  hours  the  fall  cuirent  is  run  per  annum.  If  the  metal 
is  copper  and  the  value  of  the  Board  of  Trade  unit  is  one  penny, 
whilst  the  interest  charged  on  the  capital  invested  in  conductors  is  6 
per  cent.,  and  if  copper  costs  £75  per  ton,  whilst  i  is  equal  to  360 
days  of  24  hours  each,  a  =  164  amperes  per  square  inch,  provided 
that  the  conductor  is  used  continuously  night  and  day  throughout 
the  year,  and  as  this  is  usually  the  case  in  an  electric  refinery,  the 
current  density  employed  in  the  copper  conductors  should  not  be 
greater  than  about  200  amperes  per  square  inch  cross  section.  Bui 
if  the  value  of  the  Board  of  Trade  unit  is  only  one  farthing  the 
density  should  be  328.  Usually,  however,  a  higher  density  than  this 
is  employed,  the  following  results  from  the  electrolytic  refineries  men- 
tioned being  given  by  Qore : — 

Milton 833*3  amperes  per  sq.  in. 

Marchese's  works  at  Stolberg  .       •  73i'3 

Boston  and  Montana  Company       .  454 

Casarza 305*7 

Pembrey 360*7 

Oker 258-0 
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It  is  of  interest  to  add  that  the  current  density  in  copper  con- 
ductors usually  pennitted  in  electric  lighting  wires  in  houses  is 
1,000  amperes  per  square  inch,  which  is  the  normal  fire  insurance 
limit,  and  probably  the  most  economic  density  in  this  case  is  also 
near  this  figure,  for  here  we  have,  not  as  in  the  case  of  an  electrolytic 
refinery,  a  bare  conductor,  but  an  insulated  wire,  and,  moreover,  a  wire 
through  which,  on  the  average,  the  cuirent  does  not  flow  for  more  than 
about  2  hours  out  of  the  24,  ail  through  the  year.  In  only  one  case,  how- 
ever, I  am  aware  of  the  employment  of  a  current  density  of  as  high 
a  value  as  1,000  amperes  per  square  inch  in  a  copper  conductor  in  an 
electrolytic  plant.  This  course  is  advised  in  the  prospectuses  of  the 
Gowper  Coles  Galvanising  Syndicate,  for  employment  when  zinc- 
coating  iron.  I  consider,  however,  that  it  is  of  doubtful  economy 
unless  the  current  is  used  very  intermittently. 

The  fact  that  the  variation  in  the  price  of  copper  has  been  rather 
considerable  within  the  past  few  years,  has,  of  course,  an  influence 
upon  the  advisability  of  employing  low  current  density,  for  the  lower 
the  current  density  the  larger  the  weight  of  copper  in  stock  in  the 
form  of  conductors,  and  consequently  the  larger  the  loss  in  case  there 
is  a  drop  in  the  price  of  copper,  but  conversely  the  greater  the  gain  in 
the  event  of  a  rise. 
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SOME  IMPORTANT  DETAILS  IN  ELECTROLYTIC 

COPPER  REFINERIES. 
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and  Cathodes  in  Electrolytic  Vats. — The  Hayden  System. — Best 
Size  and  Number  of  Electrolytio  Yats. — AToidance  of  Short  Cir- 
oaits. — Circulation  of  the  Electrolyte. — Heating  the  Electrolyte.*— 
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Amakgmnmat  of  Vats. — The  yats  in  an  electrolytio  refinery  may 
he  arranged  either  in  series  or  in  parallel,  or  in  some  oombinatiaQ  ot 
series  and  parallel  arrangement. 

The  amount  of  copper  conductor  employed  ahnff  the  vats  is  precisely 
the  same  for  a  given  copper  output  whatever  may  he  the  number  or 
azrangement  of  vats,  or  whateyer  the  current  density  employed  in  the 
yats ;  but  the  eonneetumt  of  copper  from  the  vote  to  the  dynamo  is  greater 
In  direct  proportion  to  the  number  of  sets  of  yats  in  parallel,  and  the 
■mount  of  copper  in  the  form  of  conductors  is  also  greater  per  ton 
output  of  copper,  the  greater  the  number  of  yats  employed  for  the 
output  because  of  the  extra  connections  between  each  yat.  Economy 
in  copper  employed  in  conductors  is  therefore  attained,  for  a  given 
output  of  copper,  by  using  all  the  yats  in  series  and  haying  the  yata 
as  large  as  possible.  Clearly  also  the  amount  of  copper  employed 
in  the  form  of  current  conductors  is  less  the  greater  the  current 
density  employed  in  these  conductors,  but  this  density,  aa  we  baye 
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already  seen,  is  limited   by  other  ooxuideratioDB  of   economy  (see 

p.  522). 

The  electrical  energy  employed  per  ton  of  copper  deposited  is 
precisely  the  same  whether  the  depositing  vats  are  arranged  all  in 
series,  or  all  in  parallel,  or  in  any  combination  of  these  two  methods 
provided  the  onirent  density  at  the  anodes  is  fixed,  bat  the  loss  of 
energy  due  to  leakage  is  certainly  greater  when  the  series 
arrangement  is  adopted  than  on  the  parallel  system,  and  in  fact  these 
losses  may  be  roughly  said  to  be  proportional  to  the  sqnaie  of  the  volts 
employed ;  that  is  the  losses  axe  roughly  proportional  to  the  square  of 
the  number  of  vats  in  series.  The  leakage  losses  can,  however,  by 
proper  care,  be  indefinitely  reduced,  and  the  advantages  obtained  by 
the  use  of  vats  in  parallel  under  this  head  need  not  therefore  be  con- 
sidered as  of  any  importance  if  x>roper  precautions  are  employed  in 
insuring  sufficient  insulation  to  each  vat.  At  Anaconda,  for  instance, 
frames  are  built  up  of  timber  balks.  These  frames  are  about  84  feet 
long,  6  feet  wide,  and  8  feet  deep.  The  framework  is  lined  with  pitch- 
pine  wooden  boarding,  and  is  divided  up  by  transverse  board  partitionB 
into  ten  tanks,  each  about  8^  feet  long.  Every  joint  of  the  wood  is 
caulked  with  insulating  material,  and  all  the  wood  has  been  soak:ed  in 
paraffin  or  similar  insulating  substance.  The  vats  are  supported  on 
wooden  beams  at  a  sufficient  height  above  the  ground  to  permit  of 
inspection  from  below.  The  sides  of  the  vats  are  also  out  of  contact 
with  the  working  fioor  of  the  gangways  between  the  troughs. 
The  tanks  are  all  lined  with  sheet  lead,  and  the  cathodes,  anodes,  and 
connecting  copper  conductors  are  of  course  carefully  kept  from  all 
possibility  of  contact  with  this  leaden  sheath,  the  distance  between 
the  edges  of  the  anodes  or  cathodes  being  about  two  inches  from  the 
leaden  lining  of  the  tanks.  The  following  are  details  of  the  arrange- 
ment of  vats  at  different  refineries : — 

Anaconda :  six  sets  in  parallel,  each  set  consisting  of  200  vats 
in  series. 

Boston,  Montana :  one  set  of  600  vats  in  series. 

EUdngton,  Pembrey :  one  set  of  200  vats  in  series. 

Elliott,  Birmingham :  five  sets  in  parallel,  each  set  consisting  of  48 
vats  in  series. 

Oker :  five  sets  in  parallel,  each  consisting  of  12  vats  in  serisB. 

MazseOles :  one  set  of  40  vats  in  series. 

Biache :  one  set  of  20  vats  in  series. 

Hamburg :  one  set  of  120  vats  in  series. 

There  is  no  doubt  but  that  modem  practice  is  new  to  employ  less 
than  one  himdred  vats  in  series,  unless  compelled  to  do  so  by  the  fact 
that  the  works  output  is  so  moderate  that  a  vat  of  the  necessary  size 
to  take  one  hundredth  of  the  annual  output  would  be  inoonveniently 
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small.  AmericBD  practice  is  apporeatl}'  in  fitvuur  of  employing  the 
largest  poBuble  number  of  the  largest  ponaible  sized  vats  in  aeriee, 
the  limit  of  vat»  in  mnen  being  apparently  only  limited  by  the  size  of 
the  irorks.  This  policy  as  has  already  been  pointed  oat  is  the  necw- 
sary  one  to  pursue,  in  order  that  the  copper  employed  in  the  form  of 
oonduolors  oonnecting  the  dynamo  to  the  tankh  and  inter-connecting 
tank  to  tank  may  be  a  ndnimuia,  and  may  therefore  reduce  as  far  as 
possible  the  amount  of  capital  looked  np. 

Arraafummat  of  A  noil—  and  0*UlMI«a. — The  anodes  and  cath- 
odes in  each  vat  arc  usually  connected  in  parallel,  as  shoTD  diagram- 
matically  in  Fig.  i:3. 

Tti*  H>Tdwa  MrMa  Syatam. — In  at  leairt  two  refineries  in  the 
United  States,  namely  at  Baltimore  and  at  Brooklyn,  a  special  method 
of  arranging  the  anodes  and  cathodes  in  the  electrolytic  vats  is  adopted. 
TMs  arrangement,  which  has  apparently  been  worked  out  independently 
by  three  iuvestigators,  Stalmann,  StniUi  and  Hayden,  is  usually  known 


Fig.  12S. — Diagram  of  the  Ordinary  or  Parallel  Amngeaient  of 

Anodes  and  Cathodes  In  a  Copper  Refiniag  Vat 
a  a,  anode  plates,     k  k,  cathode  plates. 

nnder  the  name  of  Hayden's  Series  System.  The  peculiarity  in  the 
arrangement  of  the  copper-plates  consisbi  in  making  the  anode  and 
cathode  ontof  oneand  the  same  piece  of  copper:  this  is  done  byfixing 
the  anodes  in  insulating  frames,  in  the  form  of  what  may  be  called 
diaphragms  stretched  across  the  depositing  tank,  which  is  thus  divided 
upintoaserieeofeompartmentfl.Fig.  129:  the  electric  current  flows  into 
these  comportmenta  in  series,  entering  at  the  back  of  one  plate  where 
copper  is  deposited,  and  leaving  this  plate  at  its  other  mde  from  which 
therefore  copper  is  removed.  One  side  of  a  coppor-plate  is  a  cathode 
and  the  other  is  an  anode.  The  thicknepa  of  the  pistes  remwus  constant, 
but  the  plate  gradually  changes  from  crnde  into  refined  copper.  The 
great  advantage  of  this  method,  conwHts  in  the  fact,  that  firstly  the 
copper  conductors  are  done  away  with ,  and  of  course  the  inter-con- 
nections from  tank  to  tank,  ond  secondly,  as  the  oopper-plateB  remain 
the  same  thicknMs  throughout  the  refining  process,  there  is  no  danger 
of  them  becoming  markedly  mechanically  weaker,  and  the  plates  may 
Uieiefore  be  thinner  than  can  be  used  economically  in  the  more  ordin- 
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arily  employed  so-called  parallel  system  of  arranging  the  plates  in  the 
vats.  The  advantages  of  the  system  cannot  be  obtained  unless  the  copper 
refined  by  it  is  unusually  pure,  for  only  in  this  case  can  the  copper- 
plates be  rolled  thin.  The  copper-plates  employed  at  the  Bridgeport 
works,  Connecticut,  are  stated  by  Swinburne  to  have  been  about  |-inch 
thick,  whereas  the  usual  thickness  of  anodes  employed  in  the  so-called 
parallel  system  is  over  J-inch  thick.  Copper-plates  cannot  be  success- 
fully cast  as  thin  as  |-inch,  and  only  comparatively  pure  copper  can  be 
rolled.  At  Bridgeport,  one  vat  required  120  volts  across  it,  and  there- 
fore, at  a  current  density  of  about  10  amperes  per  square  foot,  probably 
contained  over  300  plates  in  series.  This  refinery  has,  however,  given  up 
this  arrangement,  and  employs  the  more  ordinarily  adopted  method 
of  arranging  the  copper-plates  in  a  vat  in  parallel. 

Swinburne  states  that  he  saw  the  Hayden  process  in  America,  ahd 
that,  as  the  plates  were  rolled,  they  were  eaten  away,  and  deposited, 
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Fig.  129. — Diagram  of  Series  Arraogement  of  Anodes  and  Cathodes 
in  Copper  Refining  Vat.  Each  line  a,  k,  represents  a  plate  of 
copper,  which  acts  as  a  Cathode  on  its  left  band  side  and  an 
Anode  on  the  right. 

very  regularly,  and  the  action  was  continued  until  very  nearly  the 
whole  of  the  copper  had  been  transferred.  As  the  deposited  copper  on 
one  side  of  a  plate  never  adhered  very  strongly  to  it,  the  remains  of  the 
orig^al  anode  portion  could  be  picked  off  the  surface  of  the  refined 
copper.  There  was,  of  course,  a  certain  amount  of  scrap  anode  formed, 
which  had  to  be  melted  and  recast. 

Swinburne  also  states  that  Stalmann,  who  was  for  some  time 
manager  of,  and  who  designed  the  Anaconda  Electrolytic  refinery, 
devised  an  ingenious  series  arrangement  in  which  each  plate  of  crude 
copper  has  a  sheet  of  paper  stuck  on  one  side.  A  few  copper  rivets 
are  put  through  and  the  paper  is  blackleaded.  This  gives  a  paper 
cathode  which  divides  the  refined  from  the  crude  copper  and  renders 
their  subsequent  separation  very  easy.  In  spite  of  the  fact,  however, 
that  the  Hayden  System,  or  some  modification  of  the  method,  has  been 
tried  at  Bridgeport,  Anaconda,  and  at  other  works,  it  has  subsequently 
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been  abandoned,  and  at  the  present  time  is  onlj  employed  at  Balti- 
more and  at  Brooklyn.  Titos  Ulke  states,  that  the  Hayden  process  is 
only  advantageous  when  the  crade  copper  to  be  refined  is  of  a  imi- 
formly  high  grade,  and  can  be  rolled  out  into  smooth,  long  sheets  abont 
i-inch  thick.  As  the  series  system  requires  a  rolling  mill,  which  will 
consume  about  one-third  of  the  power  of  the  plant,  and  as  a  special  refin- 
ing of  the  crude  blister  copper  is  also  necessary  in  order  to  adapt  it  to 
rolling,  the  process  is  not  in  general  use  in  tiie  United  States  (Titos 
Ulke,  EUetrmanf  toI.  46,  p.  582).  It  should  be  added,  however,  that 
from  whatever  reason,  such  as  low  current  density,  etc.,  or  merely 
because  of  the  merits  of  the  Hayden  System  already  pointed  out,  the 
amount  of  electrical  energy  employed  at  the  two  works  ronning  this 
process  per  ton  of  copper  output  is  remarkably  low. 

On  the  whole  it  may  be  said  that  praotioal  experience  seems  to  be 
against  this  series  method  of  arranging  the  copper  in  the  vats,  and  in 
favour  of  the  ordinary  parallel  arrangement. 

81se  and  VnmlMV  off  Vats. — ^The  size  of  the  vats  employed  in  an 
electrolytic  refinery  must  not  be  too  small,  or  their  cost  per  cubic  foot 
and  the  room  whi6h  a  plant  designed  for  a  g^ven  output  occupies,  will 
become  excessive.  On  the  other  hand  the  size  of  the  vats  should  not 
be  too  great  and  for  two  reasons.  Firstly,  because  the  difficulty  of 
arranging  and  handling  the  anodes  and  cathodes  becomes  greater 
the  greater  the  size  of  the  vats  employed,  and  secondly,  because 
in  the  event  of  a  vat  either  becoming  short  circuited  by  accident, 
or  being  disconnected  from  the  circuits  for  cleaning  and  putting 
in  order,  the  loss  of  energy  in  the  first  case,  or  the  loss  of  output 
in  the  second  case,  becomes  excessive  if  the  vats  are  unduly  large. 
It  must  be  remembered  in  this  connection  that  the  output  in  copper  of 
a  vat  depends  only  upon  two  conditions  with  a  given  arrangement  of 
anodes  and  cathodes,  and  these  two  conditions  are,  firstly,  the  onirent 
density,  and  secondly,  the  volume  of  the  vat.  If  the  current  density 
employed  is  fixed  and  the  distance  apart  of  the  anodes  and  cathodes  is 
also  fixed,  the  output  of  a  vat  depends  only  upon  its  volume.  Clearly 
a  large  vat  is  cheaper  per  cubic  foot  of  contents  than  a  small  one,  and 
a  good  general  rule  is  that  the  vats  must  be  made  as  large  as  possible, 
the  possible  largeness  being  only  limited  by  the  inconvenience  of  the 
vats  of  too  great  dimensions,  and  the  fact  that  a  given  factory  cannot 
afford  to  have  more  than  at  most  about  one-hundredth  part  of  its  out- 
put wasted  at  a  time,  by  reason  of  accidental  short  circuits  occurring  in 
the  vats. 

Thus,  if  it  is  desired  to  determine  the  number  of  vats  to  employ 
for  a  given  output  of  copper,  we  may  firstly  decide  that  at  least  100 
vats  shall  be  used  in  series,  for  then  if  one  vat  is  being  cleaned  up 
or  if  one  vat  is  by  accident  short-circuited,  the  loss  of  output  will 
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only  amount  to  one  per  cent,  of  the  total  output  of  the  factory.  If 
then  we  divide  the  annual  output  of  the  propo8ed  factory  in  tons 
of  refined  copper  by  one  hundred,  we  shall  obtain  the  tons  output  per 
▼at  per  year,  and  as  has  already  been  shown  (p.  505),  a  safe  estimate 
requires  about  60  cubic  feet  of  Tat  space  per  ton  of  copper  output  per 
year,  at  a  current  density  of  one  ampere  per  square  foot  of  cathode 
surface,  and  therefore  if  we  denote  this  current  density  by  D,  the 

volume  of  each  vat  should  be  -^Fi —  cubic  feet,  where  « is  the  number  of 

vats  employed  in  series,  and  T  is  the  output  of  refined  copper  per  annum. 
For  certain  outputs  this  may  work  out  to  very  small  vats,  and  again 
under  other  conditions  the  size  of  the  vats  thus  determined  will  be  too 
large.  If  it  works  out  too  small,  eay  under  25  to  30  cubic  feet,  a 
smaller  number  of  vats  must  be  used  in  scries  in  spite  of  the  incon- 
venience this  entails,  as  pointed  out  above.  In  fact  the  vats  should 
not  under  any  circumstances  be  of  smaller  size  than  about  25  cubic 
feet,  for  if  they  are  the  cost  of  vat  per  cubic  foot  becomes  excessive, 
as  also  does  the  floor  space  required  and  the  volume  of  electrol^'te.  On 
the  other  hand  if  the  vat  size  calculated  out  from  the  above  formula 
is  very  larg^,  the  vats  become  difficult  to  manage  for  shifting  anodes, 
cathodes,  etc.,  and  cleaning  up. 

At  Anaconda  the  vats  have  an  internal  capacity  of  132  cubic  feet 
each,  but  in  this  case  the  copper  is  shifted  by  means  of  aa  overhead 
crane,  and  it  is  probable  that  a  vat  of  a  capacity  of  80  cubic  feet  is 
usually  of  quite  sufficiently  large  size.  If,  therefore,  the  vat  size  as 
obtained  by  the  above  formula  is  over  80  cubic  feet,  it  is  better  to  run 
a  larger  number  in  series  until  vats  of  a  size  of  about  80  cubic  feet 
are  obtained.    The  sizes  of  vats  at  various  works  are  as  follows : 


I 

Cubic  Feet. 

Length. 
Feet. 

Width. 
Feet. 

Depth. 
Feet. 

Biache 
'Anaconda . 
EUiott       . 
Elkington . 
Casarza 

75 

132-4 
3025 
42 
245 

10 
8-2 

2-75' 

4 

6-5 

25 
5 

2*75 
3 

1-25 

3 

3-25 

4 

35 

3 

•  Electrician,  vol.  38.  p.  144;  but  in  a  recent  paper  (Elect.  World  and 
Engineer,  vol.  37,  zgox.  pp.  186-187),  i^  is  stated  that  the  volume  of  the 
Anaconda  vats  is  140  cubic  feet,  the  dimensions  being  8  x  5  X  3*5 
feet.  The  vats  are  also  stated  to  contain  4,000  litres  of  electrolyte 
(  =  1347  cubic  feeO. 
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The  tanks  of  the  Boston  Montana  Copper  Refining  Company  hare 
about  the  same  volume  each  aa  those  employed  at  the  Anaconda 
Works. 

^  OlvenlatioB  of  tli«  Bl«etrelyt«.— Owing  to  the  fact  that  at  the 
anode  copper  is  passing  into  solution,  whilst  at  the  cathode  oopper 
is  passing  out  of  solution,  the  copper  electrolyte  tends  to  become 
weaker,  more  acid  and  less  dense  at  the  cathode,  and  stronger  and 
more  dense  at  the  anode,  and  as  the  dense  solution  at  the  anode 
sinks  down  to  the  bottom  of  the  vats,  the  whole  of  the  solution  in  the 
yats  tends  to  become  more  or  less  sharply  divided  into  a  layer  of  a 
dense  solution  of  oopper  sulphate  at  the  bottom  of  the  vat  and  a  lighter 
acid  solution  leas  rich  in  copper  sulphate  floating  at  the  surface  of  the 
▼at.  This  separation  of  the  electroljrte  into  layers  of  different  compo- 
sition, causes  many  inconveniences,  if  it  is  permitted  to  take  place 
without  any  interference.  The  chief  of  these  inconveniences  being: 
1st,  the  unequal  corrosion  of  the  anodes,  in  such  a  way  that  the 
portions  of  the  anodes  in  the  upper  layers  of  more  acid  electrolyte 
dissolve  more  rapidly  than  the  lower  ends,  which  are  immersed  in  the 
stronger  and  more  neutral  cox>per  sulphate  solution  at  the  bottom  of 
the  vat.  This  more  rapid  corrosion  at  the  top  eventually  causes  the 
lower  portion  of  the  anode  to  break  off,  probably  short-circuiting  the 
whole  bath.  2nd,  the  oopper  is  chiefly  deposited  at  the  lower  end  of  the 
cathode,  and  as  the  current  density  becomes  too  large  there  impuritieB 
are  liable  to  be  deposited  with  the  copper,  whilst  at  the  upper  ends  of 
the  cathodes,  hydrog^  tends  to  deposit  and  polarisation  is  set  up. 

Whatever  the  precise  theory  of  these  inoonvenienoes  may  be,  it 
has  undoubtedly  been  found  in  practice  that  a  more  uniform  action 
of  the  electric  current  in  depositing  the  copper  is  obtained  if  the  electro- 
lyte is  maintained  in  a  state  of  gentie,  but  steady  circulation,  whilst 
deposition  is  taking  place.  This  circulation  is  performed  by  running 
off  the  electrolyte  at  the  top  of  the  vats  into  a  reservoir,  from  which  it 
is  pumped  back  into  a  second  raised  reservoir,  from  which  by  gravity 
it  flows  into  the  bottom  of  the  vats.     The  form  of  pump  usually 

^  employed  is  that  one  known  as  an  injector.  The  circulating  system  at 
Anaconda  is  arranged  as  follows :  There  are  six  sets  in  parallel  of  2CK> 
tanks,  all  in  series,  and  these  200  tanks  are  divided  up  into  20  sets  of 
ten  each.  These  sets  of  ten  tanks  are  made  out  of  one  large  wooden 
girder  of  beams,  which  is  Uned  with  stout  planking,  and  also  divided 
into  ten  compartments  by  means  of  this  stout  planldng,  each  compart- 
ment forms  one  tank  or  vat,  and  is  Uned  with  sheet  lead,  each 
tank  in  this  set  of  these  ten  tanks  then  is  about  one  inch  higher  than 
its  neighbour,  and  the  total  fall  down  the  set  of  ten  tenks  is, 
therefore,  about  nine  or  ten  inches.  The  liquid  runs  by  gravity  from 
tank  to  tank,  flowing  out  of  one  tank  at  the  top  by  a  spout,  and  falling 
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into  a  wide  lead  pipe  which  carries  it  downwards,  the  pipe  entering  the 
next  tank  at  the  bottom.  In  this  way,  at  the  end  of  the  ten  tanks, 
it  finally  reaches  the  collecting  pipe  which  conveys  it  to  the  pumps, 
steam  injectors,  or  air  compressor  lilts.  The  pumps  in  their  turn  raise 
the  liquid  to  the  upper  reservoir,  from  whence  it  is  delivered  to  the 
distributing  pipes  running  to  the  head  of  each  set  of  ten  tanks.  The 
lead  lining  and  the  lead  circulating  pipes  in  each  vat  must  not  be  in 
electrical  connection  with  the  lead  of  the  next  vat.  The  lead  linings 
can,  of  course,  be  readily  kept  separate,  and  the  lead  pipes  are  made 
discontinuous,  the  liquid  falling  from  a  spout  at  the  top  of  one  tank 
into  a  funnel  head  of  a  separate  pipe  running  to  the  bottom  of 
the  next  tank,  the  only  connection  along  which  electric  leakage  can 
take  place  being,  therefore,  through  the  stream  of  electrol3rte 
running  from  the  top  of  one  vat  into  the  lead  circulating  pipe  of 
the  next,  or  the  circulating  pipe  of  one  vat  may  be  jomed  to  that  of  the 
next  by  means  of  an  indiarubber  tube.  The  lead  circulating  pipes 
open  into  the  bottom  of  the  depositing  vats,  through  holes  pierced  in 
the  sides  of  the  pipe  which  runs  along  the  bottom  of  the  vat.  These 
holes  are  often  covered  above  by  means  of  screens  or  hoods  of  sheet  lead, 
to  prevent  anode  mud  settling  into  them,  and  thus  blocking  them  up. 
For  circulating  purposes,  steam  injectors  or  air  compressors  are  prefer- 
able to  lead  pumps,  as  the  latter  are  liable  to  get  out  of  order.  Steam 
injectors,  of  course,  both  heat  the  electrolyte  and  add  a  certain  quantity 
of  water  to  it ;  both  these  actions  vary  in  amount  with  the  temperature, 
and  are  not  quite  readily  controlled ;  it  is,  therefore,  probably  best  to 
use  air  compressors  for  raising  the  liquid,  and  to  employ  separate  pipes 
for  steam  heating  or  adding  water  when  necessary,  a9  fi  separate  and 
controllable  operation. 

Figs.  130  and  131  give  views  of  belt-driven  air  compressors,  made 
by  Messrs.  G^rge  Scott  and  Son,  of  44,  Christian  Street,  London,  E. 

Of  these,  Fig.  131  represents  a  compressor  which,  in  size  A  F, 
runs  at  120  revolutions  per  minute,  delivers  12  cubic  feet  of  air 
per  minute  at  a  pressure  of  15  lbs.  per  square  inch,  a  sufficient 
pressure  for  air  pumps,  monte-jus  or  acid  eggps,  such  as  are  em-  /* 
ployed  for  circulating  and  aerating  electrolytes.  The  price  of  this 
pump  is  £50.  If  the  pump  is  run  at  a  higher  speed  it  has  a 
corresiwndingly  increased  output.  It  is  desirable  on  an  electro, 
lytic  refinery  to  drive  such  pumps  by  direct  connected  electro-motors, 
for  the  speed  is  then  easily  varied,  and  as  the  electric  plant  is 
necessarily  at  hand  the  power  transmission  is  cheaper,  more  flexible, 
and  in  every  way  more  convenient  than  counter  shafts  and  belting. 
One  B.  H.  P.  is  required  by  the  pump  shown  in  Fig.  130  at  120 
revolutions  per  minute,  and  one  B.  H.  P.  is  also  required  by  the  pump 
shown  in  Fig.  131,  at  the  same  speed,  air- output,  and  pressure.     The 
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Intter  pump  in  fitted  with  a  valve  whidi  makes  it  impossible  for  the  Mr 
to  be  delivercti  at  n  greater  pressure  thui  15  Iba.  per  square  inch. 

HesBiv.  H.  K.  BorcheTH,  in  their  modificatioD  of  the  Siemen* 
depoeiting  Tat,  I^ga.  131  and  133,  miploj  an  ingcriioufl  system  of 
circulating  the  electrolyte  by  means  of  air.  A  wlJp  lesden  tube  L 
passes  downwards  into 
the  electrolyte  in  the  vat 
from  the  surface  and 
extends  along'  the  middle 
at  the  bottom  of  the  Tat, 
opening  into  the  dectio- 
lyte  again  at  the  oentie 
of  the  bottom  of  the  TBt. 
Into  the  upper  end  of 
this  wide  tube  a  narrow 
glass  tube  piiws  down- 
wards, and  opens  into  the 
wide  tube  through  a 
narrow  drawn  out  end- 
ing. The  upper  end  (J 
this  glass  tubing  passes 
through  an  indiarnbber 
oork  in  a  hole  in  a  leaden 
hood  which  coTere  the 
upper  end  of  the  wide 
lead  tube.  This  hood  is 
intended  to  catch  any 
spray,  and  after  passing 
out  through  the  cork,  the 
gloHi  tube  in  connected,  by 
means  of  aii  indiarnbber 
tube  I,  with  a  compressed 
air  main,  from  which  air 
is  forced  down  throngh 
the  fine  open  end  of  the 
Fig.  130.— Belt-rlrlven  Air  Cnmpressor.  glass  tube,  and  the  bub- 

Delivers  air  It  15  lbs.  per  square  Wes  riaing  in   the   elec- 

ineh  pressure.  trolyte  in  the  wide  leadeo 

tube  cause  the  oolunm  of 
liquid  inside  tho  leaden  tube  ta  be  lighter  than  the  electrolyte  outside 
it  and  consequently  cnuse  the  liquid  in  thin  tube  to  circulate  upwanls, 
a  constant  stream  of  the  denser  electrolyte  being  sucked  in  at  the  lower 
end  of  the  wide  lead  tube,  thus  permitting  a  constant  gentle  dn^nlation 
of  the  liquid  in  the  vat,  without  disturbing  the  anode  sludge.    The 
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lower  end  of  the  lead  tube  opens  under  a  tray  or  false  bottom  T  at  the 
bottom  of  the  reflnuig  Tat,  and  U  thus  protected  from  the  sludge 
being  drawn  in  and  the  electrolyte  being  rendered  turbid  thereby. 
^le  ttirbidity  of  the  eleetrolTte  cauKe  the  deposit  of  chemiciUj  impure. 


and  also  a  mechanically  oneatisfactory,  cathode  copper,  and  muet  be 
AToided.  The  flow  of  air  through  the  glass  tube  can  be  regnlated  by 
means  of  a  screw  cUp  C,  which  can  constrict  the  indiambber  connec- 
tion to  any  desired  amount.    The  depth  to  which  the  glaaa  tube  can 
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Fig.  132. — Longitudinal  Section  of  Siemens-Borchen  Copper  Refining 
Vat,  showing  two  Anodes  and  two  Cathodes  in  position,  and  also 
the  BorcheiB  Air  Circulating  Apparatus. 


be  pushed  into  the  leaden  tube  can 
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Fig.  133.— Transverse  Section  of 
Siemens-Borchers  Vat  on  line  x  x. 


also  be  altered,  and  thus  by  either 
or  both  of  these  adjustments  the 
rapidity  of  circulation  can  be 
increased  or  decreased  at  will. 
It  is  stated  that  the  simultaneous 
oxidation  of  the  liquid  by  the 
injected  air  tends  to  precipitate 
any  ferrous  iron,  and  also  with 
it  any  arsenic  which  may  be  in 
the  solution  as  ferrie-arseniatef 
the  precipitation  of  the  arsenic 
is,  however,  disputed  by  some 
writers.  (See  remarks  on  the  use 
of  air  for  purif  jring  purposes,  pp. 
543*544)  When  employing  thia 
form  of  air  circulator  Borchers 
finds  that  it  is  unneoeesaxy  to 
continuously  circulate  through 
all  the  vats  by  g^vity  flow  as 
described  above,  and  although 
from  time  to  tame  the  electrolyte 
is  run  off  and  purified  and  again 
returned  to  the  vats,  not  all  at 
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OQoe,  of  anuw,  but  a  portion  at  a  time,  yet  this  necewarj  purification 
need  not  be  no  freqoently  repeated  as  is  sometimea  the  oaw.  Borchers' 
method  ot  air  cironlatioii  is  not  patented.* 

WoHm  Ui*  Blaetrolrw. — The  copper  anlpliate  eolution  a  usually 
electrolysed  at  a  temperatnre  of  aboat  is'  C,  and  it  is  maintained  at 
this  temperature  by  beating  the  electrolyte,  which  baa  been  mn  ofl 
from  the  tanks,  before  it  pasBGA  to  the  pump.   Theheatdngisperformed 
by  paamng  the  aolution  over  pipes  through  which  steam  is  blown,  or  if 
the  araporation  baa  increased  the  strength  of  tite  aolntiou,  the  Bteam 
may  be    blown   directly   through    the   solation,    tbos   diluting   it 
snffideDtly  to  oompensate  for  the  water  hist  by  evaporation.      The 
amount  of  steam  blown  through  by  one  method  or  the  other,  or  both, 
can  be  regulated  in  amount  so  as  to  maiutuD  the  temperatureof  Q» 
electrolyte   in  the  tanks 
at  a  temperature  of  be- 
tween 20*  C.  and  2$°  C. 
The    amount    of    steaiu 
required  for  this  purpose 
in  summer  is,  of  course 
lefs   than    is    neoeesary 
in    winter.      The   tem- 
perature should  be  main- 
tuned     as    unifonn    as 

AvoidKnea  of  Kiort 
OtMolla  on  Vata. — In 
order  that  a  coostout 
oheok  may  tie  kept  upon 
the  oondition  of  every 
vat  in  a  refinery  it  is 
convenient  to  conneot 
with  ineolated  wires  the 
podtive  of  each  vat,  and 
cany  all  these  wires 
back    to    ODD    two-pole 

multiway  voltmeter  switch  in  the  office.  By  rotating  the  handle  of 
such  a  switch  the  terminals  of  each  vat  may  be  in  torn  connected  to 

*  There  is  not  room  in  the  preaeot  edition  of  this  t>ook  for  a  fuller 
description  ot  the  mechauical  details  ot  all  the  various  forms  of  electro- 
lytic copper  reflning  vats,  but  fall  drawings  of  these,  with  detailed 
descriptions,  may  be  found  in  Borehers"  "Electric  Smelting  and 
Ke&oing,"  translated  by  W.  O.  MacMillan  (London  :  C.  Oriffln  &  Co.), 
and  also  in  Gere's  "  Electrolytic  Separation  of  Metals,"  to  which  books 
those  persoDi  interested  in  farther  details  concerning  these  pointa  are 
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the  termmals  of  a  dead  beat  low  voltage  Toltmeter  TowdiTig  to  s 
Tnairimiiin  of  about  3  Yolis,  and  dlTided  in  twentieths  of  a  Tolt, 
and  the  yolts  on  each  vat  thns  inspected.  Saoh  a  Toltmeter  switch, 
but  only  arranged  for  15  Tats,  is  shown  in  Fig.  134.  It  is  made  by 
the  Britiah  Sohuckert  Ciompany,  and  ooats  48.  per  double  contact  for 
large  numbers  of  contacts. 

At  Anaconda  a  switch  of  this  character,  of  course  much  larger,  is 
rotated  by  clockwork,  readings  being  recorded  automatioally  for  each 
vat  by  a  recording  voltmeter  a  definite  number  of  times  daily.  In- 
spection of  the  record  at  once  enables  the  location  of  a  faulty  vat  to  be 
performed,  and  any  short  circuit  or  other  trouble  is  promptly  rectified. 

Voltase  of  Dynamos  for  Copper  lUrflnliig. — ^The  voltage  of  the 
dynamo  employed  for  copper  refining  is  ruled  by  the  number  of  vats 
in  series,  and  the  current  density  employed.  If  the  number  of  vats  in 
series,  as  determined  from  the  considerationB  on  pp.  528,  529,  is  denoted 
by  0,  and  if  the  current  density  in  amperes  per  square  foot  is 
denoted  by  D,  then  the  required  voltage  V  of  the  dynamo  may  be 
obtained  with  good  approximation  from  the  equation 

V  =  0-042  D». 

Thus,  if  the  current  density  is  10  amperes  per  square  foot,  and  there 
are  200  vats  in  series,  the  voltage  of  the  dynamo  required  will  be 
75  volts.  The  dynamo  must,  of  course,  be  either  a  shunt  wound  or  a 
separately  excited  machine.  If  a  shunt  wound  machine,  it  is  advisable 
to  have  it  provided,  as  is  usual  m  this  type  of  machine,  with  a 
rheostat  in  its  field  magnet  circuit  which  is  capable  of  varying  its 
voltage  up  or  down  by  about  20  per  cent.  This  permits  of  its  voltage 
being  kept  constant  at  all  loads  without  altering  the  speed  of  the 
driving  engine,  and  also  allows  of  a  certain  amount  of  flexibility  in 
the  number  of  tanks  the  dynamo  can  feed  in  circuit,  and  the  ouzrent 
density  may  be  varied  if  desired.  As  the  separately  excited  machine 
gives  a  somewhat  greater  flexibility,  it  is  not  unusual  to  employ  such 
a  dynamo,  but  as  it  must  be  run  with  an  exciter  dynamo 
or  secondary  cells  it  is  not  quite  so  cheap  or  simple  as  a  shunt 
machine,  unless  a  refinery  is  of  very  large  output.  At  the  Boston 
Montana  Befinery,  U.S.A.,  the  dynamos  are  180  volt  separately 
excited  Westinghouse  machines  having  a  normal  current  of  4,500 
amp^es,  but  the  volts  may  be  raised  to  220.  The  exciters  are  125 
volt  Westinghouse  shunt  dynamos.  The  ouixent  density  iu  the  vats  is 
probably  about  14  amperes  per  square  foot  of  cathode  surface. 

At  the  Anaconda  Befinery,  where  200  vats  axe  worked  in  series,  the 
dynamos  are  Westinghouse  shunt  machines  of  75  volts  tenminsl 
pressure,  whilst  the  current  density  employed  is  probably  about  iz 
amperes  per  square  foot  of  cathode. 
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The  qneetion  of  the  total  output  and  coat  of  the  dynamo  required 
and  the  cost  of  the  power  plant  required  to  drive  it  has  been  dealt 
with  on  pp.  503-504. 

Jkno6m  Oopp«r  Imploy^d  in  B«fliilnff. — ^The  anode  copper 
employed  for  refining  at  the  Anaconda  Befinery  in  America  is  blister 
copper  containing  98  per  cent,  of  copper.*  The  impurities  are  arsenic, 
iron,  lead,  tellurium,  selenium,  sOyer  and  gold  (no  ozs.  of  silyer  per 
ton,  and  0*33  oz.  of  gold).  {JSl$etrieianf  yoI.  38,  p.  146.)  At  this 
refinery  the  anodes  are  renewed  in  each  vat  every  thirty-four  days. 

Titus  XJlke  states  {Electrician^  vol.  46,  p.  582)  that  the  composition 
of  tyxncal  anodes  of  refined  blister  copper  as  employed  in  the  United 
States  is  as  foUows  : — 99*25  per  cent,  copper ;  0-338  per  cent,  silver ; 
O'OOI  per  cent,  g^ld ;  0*300  per  cent,  ozyg^en ;  0-054  P^  Q>ODi.  antimony ; 
0*033  P^'  cent,  arsenic ;  0-009  per  cent,  lead ;  0-008  percent,  selenium 
and  tellurium ;  0*002  per  cent,  bismuth ;  0*002  per  cent,  nickel,  and  a 
trace  of  iron. 

Sederholm  states  that  converter  copper  containing  98  to  99*3  pei- 
cent.  of  copper,  and  blister  copper,  containing  99*5  per  cent.,  is  largely 
used  for  anodes  in  American  refineries  (Joum,  Soe,  Chem.  Ind.y  vol.  14, 

1895,  P-  756). 

Black  copper  or  blister  copper,  containing  as  small  an  amouit  of 
copper  as  97  per  cent.,  is  employed  largely  for  anodes  in  America. 
Some  works  employ  an  even  less  pure  form  of  copper  for  anodes,  but 
general  experience  and  the  almost  universal  custom  seems  to  show  that 
the  most  economical  process  is  to  produce  copper  of  not  less  than  q^  per 
cent,  purity  by  one  or  other  of  the  dry  methods  of  copper  smelting, 
before  carrying  out  a  further  purification  by  the  wet  or  electrolytic 
method. 

Olnanrtng  and  ZnapeetloB  of  Burfkettfl  of  Anodes  and  Omtliod«8 
diurliis  Beflnlng. — Sederholm  (Joum.  See.  Chem,  Ind.^  vol.  14, 
1895,  p.  756,  abstracted  from  DingL  Folyt,  Joum.,  vol.  296,  1895, 
p.  284-288)  states  that  in  the  North  American  copper  refineries  it 
is  the  practice  to  remove  each  anode  and  cathode  every  other  day, 
the  anode  being  weU  cleaned  down  from  any  slime  adhering  to  it,  and 
the  cathodes  are  freed  from  any  excrescences  that  may  have  formed. 
Both  plates  are  then  returned  unless  the  anodes  are  dangerously  thin  or 
irregular,  when  they  are  replaced  by  fresh  anodes  and  the  old  ones 
are  recast.  When  the  cathodes  are  found  to  be  between  one- third  and 
one-half  of  an  inch  thick  they  are  replaced  by  fresh  cathode  sheets. 

Oompositlon  of  Bleetro-Xellned  Oopp«r. — The  degree  of  purity 

*  In  a  recent  paper  on  the  Anaconda  Befinery  (Elect.  World  and 
Engineer t  vol.  37,  190X,  pp.  186, 187),  it  is  stated  that  the  anode  copper 
employed  contains  99*6  per  cent,  of  copper. 
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of  eleotro-refined  copper  naturaUy  depends  upon  the  purity  of  the 
anodes  from  which  it  has  been  prepared,  the  current  demdty  em- 
ployed, and  the  precautions  taken  to  keep  the  electrolyte  both  chemi- 
cally pure,  and  free  from  turbidity.  The  following  is  the  analysis  of  a 
yery  favourable  sample  of  electrolytic  copper  made  by  the  present 
writer : — 

Iron o'oi89 

Arsenio 00015 

Lead 0*00x3 

Antimony o'ooio 

Bismuth     ........  o'oooS 

Silver       \ 

Nickel       I-         ..•••*.  Absent 

Sulphur    ) 

Copper  (by  dififerenoe)       .        •       •       •       •  99*9765 

zoo'oooo 


Oompoattloia  of  Ai&od«  nndg*. — ^The  anode  residues,  sludge,  mud, 
or  slimes,  obtained  when  the  tanks  are  cleaned  up,  are  washed  and 
dried,  and  then  treated,  in  order  to  separate  the  metal  they  contain. 
The  chemical  composition  of  this  mud  must,  of  course,  vary  consider- 
ably with  the  nature  of  the  impure  copper  anodes  treated.  The 
extent  of  this  variation  may  be  judged  from  Hie  following  analyses  of 
sludges : — 


Beverberatoty 

Converter 

Copper. 

Copper. 

Silver   •       •       .        , 

'    53894  [03064] 

55*15    [0-3076] 

Gold     .        .        .        . 

0*296 

0-198 

Copper 

>      IX'OZ 

I3"82 

Lead     . 

.    091    [0-0093] 

2*07 

Bismuth 

•      3*93     [00320] 

034    [0-0035] 

Antimony     . 

6-25     [0-0651] 

2-44    [0-0510] 

Arsenic 

2*  1 1      [0-0586] 

1*09    [0-0180] 

Selenium      .        . 

0*39 ) 

0-72 

Tellurium     . 

0-89 

Iron      .        .        .        . 

absent 

o'8o 

Sulphuric  Acid  (SO4) 

.      5*27 

10-68 

Water   . 

2-36 

2*60 

The  column  headed  "Reverberatory  Copper"  gives  an  average  analysis 
in  parts  per  cent,  on  the  air  dried  material  of  tank  mud  or  residues 
obtained  during  a  year's  treatment  of  anodes  formed  of  reverberatory 
copper ;  whilst  that  one  headed  "  Converter  Copper  **  gives  an  average 
analynis  in  parts  per  cent,  on  the  air  dried  material  of  residues  obtained 
during  three  months  treatment  of  converter  copper.    The  ajoalyses  do 
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not  add  up  to  one  linndred  parts,  beoanse  the  oxygen  and  the  water  of 
crystallisation  combined  with  the  metals  has  not  been  estimated.  Hie 
nmnbers  in  sqxiare  brackets  represent  the  percentages  of  the  yarions  ele- 
ments present  in  the  nnrefined  copper,  and  therefore  indicate  the  extent 
of  the  refining  effected  by  electrolysis.  The  whole  of  the  silver,  gold, 
sdemum  and  tellnrimn,  contained  in  the  crude  copper  passed  into 
the  residnes,  whilst  of  the  other  elements  the  percentages  of  the 
amounts  in  the  cmde  copper  which  passed  into  the  residues  is  given  by 
the  following  table  :— 

Reyerberatory         ConTertar 
Copper.  Copper. 

Copper  •  •  .      0*07  o'o8 

Bismuth  .  .  .  78*22  60*71 

Antimony  .  .  6z'X4  29*9 

Arsenic  .  .  .  22*9  37*^4 

The  balance  of  the  impurities,  neither  passing  into  the  sludgy  nor 
into  the  electrically  deposited  refined  copper,  of  course  becomes  con- 
centrated in  the  electrolyte  solution.  These  figures  are  taken  from  a 
paper  by  E.  Koller  (/.  Amer,  Ohem.  Soe.,  1897,  vol.  19,  pp.  778- 
782),  an  abstract  of  which  is  given  in  the  Journal  of  the  Society  of 
Chemical  Indmtry,  vol.  1 7,  p.  53. 

An  analysuB  of  anode  mud  was  published  in  Erdmann^a  Journal  fur 
Fraetieehe  CJiemie^  vol.  45,  1848,  pp.  460-468,  by  Maximilian,  Ihike 
of  Leuchtenberg,  and  is  as  foUows,  in  parte  per  cent,  on  the  dried 
deposit. 

Silver        •       ,       •       •    •   •       •       .    4*45 

Gold 0*98 

Copper 9'24 

Lead 0*15 

Bismuth absent 

Antimony 9*22 

Arsenic 7*20 

Selenium  .......    1*27 

Iron 0*30 

Tin 33-50 

Oxygen 24*82 

Sulphur    .......    2*46 

Nickel       .        • 2*26 

Silica        .        • x'90 

Cobalt o'86 

YanadiTmi         ......    0*64 

Platinum 0*44 

Total ....  99*69 
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A.  Holland  givoB  the  following  partial  analyBes  of  anode  sludge  ia 
the  Bulletin  de  la  Soeiiti  Ohimique,  aeries  3,  toI.  19,  pp.  470-472. 
The  ohaiaoter  of  the  anode  oopper  treated  is  not  stated. 


Silver  . 
Gold  . 
Copper  . 


I. 

25-816 
00337 

18-475 


II. 

36*5210 

0*0768 

24*0420 


in. 

38*4800 

0*Z020 
18*5x60 


IV. 

46*5800 

0*1504 

18-4750 


Gore  g^Tes  the  three  following  analyses  of  anode  sludge  from 
electrolytic  copper  refineries. 


N0.I. 

Wo.  2. 

No.  8. 

Silver  . 

1        •        . 

1*815 

5-61 

055 

Gold     • 

1        •        ■ 

0*085 

o*oi 

absent 

Copper 

•        ■        • 

85-85 

19*40 

67*90 

Lead    .       .       . 

• 

0*05 

27*70 

2*05 

Bismuth 

•        ■        . 

0*65 

1-25 

— 

Antimony    . 

1        .        . 

0-75 

7*35 

— 

Arsenic 

•       . 

2*48 

5-20 

^- 

Selenium     . 

•       •       • 

— 

— 

Tellurium    . 

>        •        ( 

— 

— 

-> 

Iron 

•        •        • 

075 

o'6o 

555 

Sulphuric  Acid   , 

•        •        • 

1x5 

— 

— 

Water     ) 
Oxygen  i 

•        . 

495 

21-05 

^^^ 

Insoluble  Earthy 

Material 

o*95 

4*35 

S-40 

Chlorine 

•        .        . 

0-25 

0*70 

— 

Nickel  . 

•        *        * 

— 

0-20 

— 

Sulphur 

•        • 

— 

6*35 

18*10 

Organic  Matter 

■        • 

— 

0*20 

2*25 

Difference    . 

1       •        • 

0-02 

0-03 

0-20 

100 '00 


100*00 


lOO'OO 


No  statement  is  made  by  Gk>re  as  to  the  character  of  the  anodes  from 
which  these  depoHits  were  obtained. 

The  anode  sludge  obtained  at  the  Boston  Montana  Company's 
Works  is  said  to  be  worth  £500  per  ton. 

The  silver  and  gold  per  ton  of  electrolytioally  refined  oopper  prodnoed 
at  the  prilicipal  American  refineries  is  shown  in  the  following  table 
prepared  from  the  results  given  by  Titus  TJlke  {Eketrieianf  toI.  46, 
p.  582)  :— 


i 
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Name  of  Refinery. 

Baritan  Copper  Works  ;       . 

Anaconda  Mining  Co.    . 
Baltimore  Smelting  and  Boiling  Co. 
Boston  and  Montana  Copper  Co. 
Nichols'  Chemical  Co. 
Guggenheim  Smelting  Co.    . 
Balbach  Smelting  and  Befining  Co. 
Bridgeport  Copper  Co. 
Irvington  Smelting  Co.         • 
Chicago  Smelting  Co.  .        • 

Buffalo  Copper  Works 


Troy  ounoeB 

of  silver  per 

short  ton 

output  of 

oopper. 

58 

80 

80 

66 

i6-6 

400 

83 
60 

80 

20 

20 


Troy  ounoes 

of  gold  per 

short  ton 

output  of 

oopper. 

ri33 
0350 
0-350 
O'ISO 
0-566 
3*500 

0*433 

0'200 
0'222 
0-500 
0*400 


W«l8l&t  Of  Anode  nudge  Obtained. — The  weight  of  anode  sludge 
obtained  in  any  given  refinery  of  course  depends  upon  the  amount  of 
impurity  contained  in  the  anodes  employed,  and  also  upon  the  nature 
of  this  metallio  impurity.  Generally  speaking,  however,  a  rough 
guide  is  to  consider  that  the  weight  of  dry  anode  sludge  ohtained  will 
he  twice  the  weight  of  the  metallio  impurities  present  in  the  anodes. 
That  is  anodes  containing  98  per  cent,  of  copper  would,  in  all  proba- 
bility, yield  about  four  tons  of  dried  sludge  for  every  one  hundred  tons 
of  anodes  dissolved.  The  extra  weight  of  the  dried  sludge  over  and 
above  the  weight  of  the  metaUic  impurities  in  the  anodes  is,  of  course, 
due  to  the  presence  of  oxygen,  water  of  hydration,  and  copper,  in  the 
deposit. 

Treatment  of  Anode  Sludge. — ^The  method  of  treating  the  anode 
sludge  must  vary  with  the  nature  of  the  deposit,  and,  as  has  been 
shown  above,  this  is  very  different  at  different  refineries.  In  a 
paper  by  E.  Sederholm,  abstracted  in  Dingier' b  Polytechnuehe  Journal^ 
1895,  "^ol.  296,  pp.  284-288,  it  is  stated  that  concentrated  sulphuric 
acid  dissolves  most,  but  not  all  of  the  silver,  which  may  then  be 
removed  from  solution  by  means  of  granulated  metallio  copper.  This 
process  is  wasteful  of  acid  but  the  silver  obtained  is  fairly  pure  (99*5 
per  cent.).  The  residual  silver  undissolved  by  the  sulphuric  add  is  in 
combination  with  selenic  and  antimonic  acids.  T.  XJlke  treats  the  sludge 
with  dilute  warm  sulphuric  acid,  through  which  air  is  blown  during 
the  operation.  This  dissolves  out  the  copper  from  the  sludge,  and  leaves 
a  residue  containing  as  much,  sometimes,  as  90  per  cent,  of  silver. 

It  is,  perhaps,  more  usual  to  treat  the  sludge  by  a  dry  process. 
Thus,  it  is  stated  by  Gore  that  the  sludge  is  wa^ed  by  mixing  with 
water  and  decantation ;  the  sediment  is  then  dried,  sifted  to  remove 
fragments  of  copper,  and  the  resulting  powdery  residue  is  melted  with 
litharge,  and  a  reducing  flux,  and  the  crude  mixture  of  metals  thus 
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obtained  is  cupelled  with  a  further  addition  of  argentiferous  lead,  the 
silver  and  gold  being  thus  recovered.  The  dry  anode  sludge  is  also 
sometimes  smelted  so  that  the  copper  passes  into  the  slag,  and  the 
metal  obtained,  consisting  largely  of  silver  (60  to  90  per  cent.),  is  cast 
into  ingots  which  are  refined  by  electrolysis  in  dilute  nitric  acid  by  the 
Mobius  process  (see  p.  573.)  The  process  for  refining  the  slimes  at  the 
Anaconda  Mining  Company *8  Refinery  is  thus  described  {Eleetrieianf 
vol.  38,  p.  144,  in  an  article  taken  from  the  Snginetring  and  Mining 
Journal  of  New  York) :  "  The  silver  mud  (this  name  is  given  to  the 
slimes)  is  sent  from  the  refinery  in  lead  lined  tank-cars  to  the  silver 
mill.  Arriving  there  it  is  hoisted  up  to  the  screens,  where  it  is 
washed  with  water,  and  aU  chips  of  copper,  etc.,  are  taken  out.  The 
clean  silver  mud  is  then  run  out  into  boiling  tanks,  where  it  is  freed 
^m  its  copper  contents  by  boiling  with  acid  and  steam.  From  this 
first  set  of  boiling  tanks  thf*  silver  mud  is  passed  over  a  filter  on  which 
it  is  thoroughly  washed  with  water.  It  is  then  put  into  the  second 
set  of  boiling  tanks  from  which  the  other  impurities,  notably  arsenic 
and  antimony,  are  taken  out.  From  here  the  silver  mud  is  again 
placed  on  filters,  thoroughly  washed  with  water,  and  dried  on  larg^ 
cast  iron  pans.  A  subsequent  melting  in  the  reverberatory  furnace 
reduces  the  silver  mud  to  ingots,  ready  for  the  parting  kettles. 

"  The  silver  mud  when  it  goes  into  the  first  melting  furnace  contains 
only  a  small  amount  of  impurities.  The  operation  of  the  furnace  con- 
sists of  a  mere  melting  of  the  slimes,  which  is  carried  on  as  rapidly  as 
a  wood  fire  will  permit,  and  is  not  in  any  way  a  refining  process.  The 
furnace  is  charged  with  about  two  tons  of  the  dried  silver  mud  at  a 
time ;  after  it  is  melted  it  is  tapped  into  moulds  which  move  on 
a  small  train  in  front  of  the  furnace.  At  Anaconda,  the  bullion  thus 
obtained  is  refined  by  dissolving  in  strong  sulphuric  acid  and  diluting 
the  solution  obtained  and  precipitating  the  silver  from  it  on  copper 
plates.*'  It  may  be  here  remarked  that  the  description  given  above  is 
not  very  satisfactory  as  to  the  particulars  of  the  compositions  of  the 
solutions  in  which  the  silver  sludge  is  boiled,  possibly  because  the 
writer  did  not  know  the  nature  of  these  solutions.  There  is  some 
difficulty  in  obtaining  information  of  this  character  in  America. 

The  Baltimore  Electric  Kefining  Company  treat  the  washed  and 
of  ted  slimes  in  lead  lined  vats  with  dilute  sulphuric  acid  (i  part  acid 
to  4  parts  water),  through  which  air  is  injected  for  two  or  three  hours. 
The  solution  obtained,  which  contains  arsenic,  copper  and  most  of  the 
impurities,  is  syphoned  from  the  residue,  which  contains  lead  sulphate, 
tellurium,  a  little  bismuth  and  antimony  in  conjunction  with  the 
silver  and  gold.  This  residue  is  melted  on  a  cupel  hearth,  at  first 
without  any  flux,  when  a  brownish  slag  containing  lead  and  antimony 
together  with  some  silver  beads  or  prills  is  skimmed  off.    The  slag 
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af tsr  cooling  is  picked  over  to  Beparaie  ike  silver,  and  ib  then  added  to 
molten  lead  in  the  cupelling  furnace,  by  means  of  which  the  last  traces 
of  gold  and  silver  are  removed  from  it.  After  having  removed  the 
brown  slag  ^m  the  crude  silver  as  described  above,  the  silver  is 
heated  with  nitre,  which  removes  the  tellurium.  The  silver  on  the 
cupel  is  now  practically  pure  with  the  exception  of  a  little  copper,  and 
it  is  oast  into  bars  ready  for  parting  in  the  usual  way,  or  by  Mobius' 
process.  The  copper  in  the  acid  solution  obtained  on  boiling  the 
sludge  with  dilute  sulphuric  acid,  is  precipitated  by  means  of  scrap  iron 
{Joum.  So€,  Chem,  Ind.,  vol.  16,  p.  49). 

Vnrlfloation  of  Blaetrolyto. — The  impurities  contained  in  thd 
anodes  employed  in  electrolytic  copper  refining  partly  (and,  indeed, 
chiefly)  pass  into  the  sludge  or  slimes,  but  the  remainder  dissolve  in 
the  solution  and  gradually,  as  time  goes  on,  render  it  more  and  more 
impure.  The  result  of  this  is,  that  if  some  means  are  not  taken  to 
repurify  the  solution,  the  impurities  are  electrically  deposited  on  the 
cathodes,  thus  rendering  the  electric  refining  action  less  satisfactory, 
and  yielding  an  electrically-deposited  copper  of  inferior  purity. 

Indeed,  one  of  the  most  important  points  in  carrying  out  successfully 
the  eleo1aK>lytic  refining  of  copper  is  to  ensure  that  the  electrolyte  is  kept 
of  a  constant  composition  and  streng^,  and  it  should  be  tested  chemi- 
cally every  day  in  order  to  check  its  condition.  This  precaution  is  now 
taken  in  most  of  the  larger  refineries. 

The  means  employed  to  purify  and  revivify  the  electrolyte  may  be 
considered  under  three  heads : 

1st.  Mechanical  method, — This  consists  in  steadily  removing  some 
of  the  impure  electrolyte  and  replacing  it  with  fresh  solution  of  jmre 
copper  sulphate  of  the  correct  strengfth  and  containing  the  correct 
percentage  of  free  sulphuric  acid.  This  operation  is  performed  daily.  A 
certain  proportion  of  the  liquid  running  from  the  depositing  vats  is  not 
returned  by  the  pumps,  but  pure  fresh  electrolyte  is  substituted  for  it. 
By  this  means  the  electrolyte  in  the  tanks  can  always  be  kept  up  to  a 
certain  standard  of  purity.  The  impure  solution  which  is  removed 
is  evaporated  down,  and  the  copper  sulphate  crystallised  out  and  em- 
ployed for  forming  the  fresh  solution.  The  impure  mother  liquors 
have  the  copper  removed  by  scrap  iron. 

and.  Chemical  method. — ^This  method  consists  in  chemically  treating 
the  solutions  run  off  from  the  vats  before  returning  them  by  the 
pumps,  or  partly  by  blowing  air  through  the  electrolyte  whilst  in  the 
vats  (see  p.  53 1 ) .  The  chemical  treatment  may  vary  largely,  depending 
upon  the  type  of  copper  treated. 

3rd.  Electrical  method. — ^By  this  method,  the  impure  liquid,  after 
running  from  the  vats  and  before  returning  to  the  pumps,  is  treated 
dectrically  by  passing  a  current  of  deotricity  through  it  with  a  large 
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ourrent  denBity  at  the  cathode,  and  employing  either  pore  copper  or 
lead  anodes.  By  thia  means  most,  or  a  Isxge  proportion,  of  the  me- 
tallio  impurities  in  the  solution  can  be  thrown  down  on  the  cathode. 
Hie  puxified  Uqnid  is  Hbea  returned  to  the  rats. 

Generally  speaMog,  some  combination  of  some  or  all  of  the  above 
three  methods  is  employed. 

In  the  Baltimore  Smelting  Company's  Works  in  the  United  States 
of  America  about  one-fifth  of  the  electrolyte  ia  periodically  remoTed 
and  worked  up  for  copper  sulphate,  for  which  a  ready  sale  can  be 
obtained,  and  the  mother  liquid  is  treated  with  scrap  iron  to  recoTer 
the  remainder  of  the  copper,  the  composition  of  the  bath  being  kept 
as  constant  as  possible  by  adding  freshly-prepared  solution.  A 
similar  method  is  followed  at  the  Balbach  Works,  in  Newark. 

At  Anaoonda  it  is  stated  that  the  purifying  process  consists  in 
passing  the  impure  electrolyte  repeatedly  through  a  layer  of  oxidiwd 
copper,  so  as  to  partially  precipitate  the  antimony  and  bismuth  pre- 
sent. By  this  treatment  the  solution  becomes  nearly  neutral,  and 
saturated  with  copper,  snd  is  then  oxidised  by  passing  air  through  it^ 
so  that  the  iron  is  partially  precipitated  as  ferric  oxide.  Titus  Ulke 
states  (t/oum.  Soe.  Chem.  Ind.f  toI.  17,  p.  160),  that  one  of  the  beat 
methods  for  purifying  old  solution  is  that  in  whioh  it  is  electrolised 
in  specisi  vats,  the  anodes  being  of  lead  and  the  cathodes  of  copper. 
A  current  density  is  employed  sufficiently  great  to  deposit  the  arsenic 
and  antimony,  but  not  strong  enough  to  deposit  the  iron.  Hie  solu- 
tion thus  freed  from  arsemo  and  antimony  is  retnmed  to  the  copper- 
depositing  yats  to  be  used  in  the  ordinary  way,  and  this  is  repeated 
until  the  bath  contains  so  much  iron  that  it  is  necessary  to  remoTs  it 
.  by  crystallising  out  the  f eirous  sulphate. 

W.  Terrill  (Joum,  Soe,  Chem,  Ind.,  yoL  17,  p.  466,)  states  that 
oxidation  by  means  of  chlorine  or  injected  air  is  often  used  in  the  pro- 
cess of  purifying  the  electrolyte,  but  this  leads  to  the  formation  of 
ferric  salts  and  a  neutral  solution,  under  whioh  circumstances  silver  ia 
deposited  upon  the  cathodes  with  the  copper,  instead  of  being  de- 
posited in  the  anode  sludgy.  This  method  of  oxidation  should  not 
therefore  be  adopted  except  under  suitable  precautions.  BorcheiB 
adopted  a  special  method  of  aeration,  for  description  of  which  see  p.  532 . 
Tenill  condders  that  the  best  method  for  keeping  the  electrolyte  in  good 
condition  is  to  gradually  renew  it,  as  is  done  at  the  Baltimore  and  Bal- 
bach works.  T[ie  greater  part  of  the  copper  sulphate  crystals  obtained 
can  be  employed  for  making  up  the  fresh  electrolyte :  the  sorplus  neces- 
sarily produced  must  be  sold.  In  a  paper  on  the  Anaconda  Befineiy 
{Electrician,  toI.  38,  p.  147)  it  is,  however,  stated  that  the  impurities 
in  the  electrolyte  are  partially  removed  on  each  turn  of  the  electrolyte 
through  the  tanks.     [No  doubt  by  the  chemical  treatment  mentioned 
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aboTO.]  A  certain  amount  of  impurity  is  allowed  to  stay  in  the 
liquid,  however ;  the  purifying  process  being  bo  regulated  as  to  limit 
the  amount  of  impurity,  but  not  to  completely  remove  it.  It  is  further 
stated  in  this  paper  that  the  chemical  purification  employed  is  ex- 
tremely simple,  requires  little  attention,  and  necessitates  the  use  of  air 
and  cheap  chemicals  only.  The  method  is  praised  as  being  far  prefer- 
able to  the  Toluminous  and  bulky  old  process  of  crystalli>)ing  which  is 
used  in  almost  all  Eastern  refineries.  The  actual  method  of  chemical 
purification  adopted  at  Anaconda  is  not  described  in  this  paper,  pro- 
bably because  it  is  couHidered  to  be  a  secret  process.  It  is,  howeyer, 
as  has  already  been  stated,  described  by  Titus  Ulke.     (See  abore.) 

It  will  be  seen  from  what  has  already  been  Hiiid  that  opinions  differ 
considerably  upon  the  question  as  to  the  best  process  to  employ ;  but 
in  the  writer's  opinion  some  process  consisting  probably  of  a  com- 
bination of  all  three  of  the  general  methods  mentioned  above,  could 
be  devised  in  every  particular  case  which  would  be  most  suitable  to  a 
given  type  of  anode  in  a  g^ven  locality. 

llfftot  of  Orsanle  acattor  on  Copper  Dopoaits. — It  is  very  im- 
portant that  copper  solutions  shall  be  kept  free  from  organic  matter,  as 
it  is  found  that  even  very  minute  quantities  present  in  the  electrolyte 
win  seriously  affect  the  character  of  the  deposited  metal.  F.  Forster 
and  O.  liedel  have  shown  that  a  small  quantity  of  a  varnish  of 
caoutchouc  in  benzene,  accidentally  present  in  the  copper  sulphate 
solution,  caused  the  deposited  copper  to  become  smoother,  and  to 
possess  a  finer  structure  than  the  metal  deposited  from  the  normal 
solution.  The  deposited  metal  was,  however,  very  brittle,  and  could 
be  powdered  in  a  mortar.  Von  Hiibl  noticed  similar  effects  produced 
in  solutions  containing  gelatin  and  other  organic  substances.  The 
copper  deposited  contained  carbon.  It  is  for  this  reason  necessary  to 
have  the  electrolytic  vats  lined  with  lead,  and  care  must  be  taken  that 
at  no  point  an  opportunity  is  afforded  for  the  contamination  of  the 
electrolyte  by  turpentine,  gelatin,  putty,  varnish  or  any  oily  matter. 
The  ste^un  blown  through  the  electrolyte  should  either  not  have  been 
passed  through  the  engines,  or  (should  be  passed  through  lead  tubes  in 
the  electrolyte,  and  should  not  be  mixed  directly  with  the  solution. 

Formation  of  Hodnlar  Orowtlia  on  Eleetro-dapoaitad  Coppor. 
—Apparently  the  cause  of  nodular  or  tree-like  growths  upon  the  surface 
of  electro-deposited  metals  is  caused  by  the  presence  of  particles  of  solid 
matter,  anode  sludge,  etc.,  becoming  stiired  up  in  the  electrolyte  and 
then  adhering  to  the  surface  of  the  cathode.  J.  W.  Swan,  F.R.S.,  haa 
observed  that  such  nodules  always  contain  a  nucleus  of  some  insoluble 
foreign  matter,  and  he  has  shown  that  if  the  solution  is  kept  free  from 
sediment,  the  formation  of  the  nodules  does  not  take  place.  Gore 
states  that  the  greatest  length  of  the  nodule  is  in  the  direction  of  the 
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greatest  density  of  current,  and  greatest  strength  of  copper  solntiom ; 
this  observation,  however,  merely  agrees  with  what  might  be  foreseen. 
The  danger  of  such  growths  in  copper  refining  is  due  to  the  fact  that 
as  they  extend  more  rapidly  than  the  electrodes  themselves  they  may  in 
time  short  cironit  the  vat.  The  formation  of  these  nodules  is 
favoured  by  a  high  current  density,  keeping  the  anodes  and  cathodes 
close  together,  and  turbidity  of  solution.  If  they  tend  to  form  they 
may  be  avoided  or  reduced  by  properly  altering  one  or  all  of  these  three 
factors.  Cowper  Coles  has  avoided  the  formation  of  nodular  growths, 
when  using  high  current  demdties,  by  removing  any  particles  which 
tend  to  adhere  to  the  cathode  surface  by  means  of  a  rapid  rotation  of 
the  cathode  in  the  liquid,  adhering  particles  being  thrown  off  by 
centrifugal  force  (Eleetriciatty  vol.  44,  p.  288).  For  a  further  dis- 
cussion of  this  method,  see  p.  552  of  the  present  volume. 

Oopp«r  DepoflltlOB  witli  Bigli  Cim«nt  Dontity. — ^Very  many 
efforts  have  been  directed  to  the  deposition  of  copper  of  a  satisfac- 
tory character  with  high  current  density.  As  is  shown  on  p.  516,  if 
the  copper  obtained  is  to  be  employed  as  raw  copper  from  which 
articles  will  be  subsequently  manufactured,  the  employment  of  a  high 
current  density,  even  if  it  yielded  a  mechanically  and  chemically 
vitisfactory  material,  would  not  be  economically  correct.  If,  how- 
ever, the  deposited  copper  is  directly  fonned  into  a  manufactured 
article  as  it  is  deposited,  such,  for  instance,  as  copper  tubes  which 
have  a  higher  value  per  ton  than  the  pure  unmanufactured  metal,  the 
current  density  may  eoonomically  be  increased  considerably.  Although , 
generally  speaking,  the  distance  apart  of  the  electrodes  and  the  vat 
space  required  per  ton  of  copper  are  quite  different  when  tubes  are  to 
be  deposited,  from  what  is  adopted  when  electrically  refined  but 
unmanufactured  copper  is  to  be  produced,  yet  the  value  of  the  best 
current  density  may  be  obtained  precisely,  as  on  pp.  518-520,  different 
constants  being  employed  however.  The  chief  cause  of  the  increased 
value  of  D  being  clearly  due  to  the  fact  that  P',  the  value  in  pounds 
per  ton  of  copper  tubes,  is  very  much  higher  than  if  unmanufactured 
copper  alone  were  produced,  whilst  P  and  Y  remain  constant. 

One  of  the  earlier  successful  processes  for  producing  copper  tubes 
directly  was  that  of  Elmore.  The  object  of  this  process  was,  in  the 
fiy^t  case,  the  formation  of  copper  tubes  directly,  without  any  particular 
tft'ort  to  obtain  a  very  high  current  density,  but  the  highest  current 
density,  consistent  with  a  satisfactory  deposit,  has  since  been  rightly 
aimed  at.  Two  of  the  Elmore  patents  for  the  electro-deposition  of 
copper,  namely,  Eng.  Pat.,  9,214,  of  July  15,  1886,  and  15,831,  of 
I>ecember  3,  1886,  expired  in  1900.  The  chief  patent  is  4,499,  April  li, 
1 885.  The  method  consists  in  rotating  a  metallic  cylindrical  mandril  B, 
Fig.  135,  horizontally  placed  in  the  usual  bath  of  copper  sulphate 


WITH   HIGH   OTJRBENT   DEHSITT.        547 

employed  for  thn  plcotro-dcpositiou  of  miipcp.  Tho  mandril,  which  in 
the  originul  pnx«eii  wns  of  iron,  was  given  a  preliminiLry  couting 
with  copper  in  an  alkaline  copper  bath,  and  then  tranaferred  bi  the 
acid  copper  bath  where  it  was  employed  as  the  catliode.  Whilst  it 
rotated  in  the  Bolatdon,  an  agate  bumiiihing  roller  passed  backwards 
and  forwards  along  the  rotating  cylinder,  much  as  the  tool  on  a  icrew 
cutting  lathe  ttavels.  The  current  density  employed  was  about  15  or 
16  amperes  per  square  foot  ot  aurface.  An  early  difBcnlty  was  found 
in  pemoring  the  tubes  of  copper  from  the  mandril,  but  thia  difficulty 
wM  overcome  by  varions  devices,  the  first  being  to  coat  the  iron  with 
melted  lead,  which  completely  filled  np  all  pinholes  on  its  aurface,  and 
gave  a  soft  snrface  npon  which  the  copper  conld  be  deposiled,  but  to 
which  it  did  not  adhere  very  strongly.     By  rolling  the  ontaide  of  the 


ng.  135. 

tube  after  the  copper  deposition  was  completed,  the  outer  metal  tube 
waa  anSciently  loosened  to  be  drawn  off.  Fnaihle  metal  cores,  and  also 
COICT  of  thin  metnl  expanded  by  internal  presHure,  which  pressure  could 
afterwards  be  reduced,  tlius  causing  them  to  shrink,  were  in  turn  used. 
The  chief  patents  taken  out  over  modificationa  of  thia  process  are  as 
tollowgr  Eng.  Pat.  12,264,  August  25,  1888  (lead  and  tin  coating  for 
mandrila).  Bog.  Pat.  7,932,  May  23,  1890  (fnaible  metal  coated 
mandrila).  Eng.  Pat.  5,167,  Uarch  2j,  1S91  {removing  tubes  from 
mandrila).  Eng.  Pat.  10,431,  September  3,  1885  (making  copper 
pana,  cylindere,  etc.)  Eng,  Pat.  11,800,  October  3,  1885  (making 
tnbea,  paoa,  etc.)  Eng.  Pat.  1,737,  February  7,  1885  (cores  for 
tubes).  Eng.  Pat.  8,707,  July  18,  1885  (mandrils  for  tubes).  Eng. 
Fat,  9,214,  July  15,  1S86  (making  plates,  wire,  etc.)  Bng.  Pat. 
16,637,  December  3,  1887   (copper  tubes,  etc.)    Eng.  Pat.  11,778, 
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AuguBt  15,  1888  (making  cylinders,  tubes,  etc.)  Eng*.  Pat.  12,022, 
Ang^t  20,  1888  (making  pipes).  In  view  of  the  importance,  if  only 
from  the  point  of  view  of  the  amount  of  capital  sunk,  of  the  Elmore 
processes,  it  has  been  considered  advisable  to  give  a  fairly  complete 
list  of  the  patents  involved. 

These  patents  are  all  taken  out  by  F.  E.  Elmore.  There  are  some 
others  by  A.  S.  Elmore  and  J.  O.  S.  Elmore,  one  of  which,  Eng.  Pat., 
21,283,  Nov.  9,  1895,  claims  that  high  current  densities  may  be  em- 
ployed if  a  very  rapid  circulation  of  the  electrolyte  between  the  anode 
and  the  cathode  is  employed.  There  is,  however,  apparently  no 
novelty  in  this  discovery.  The  use  of  the  Elmore  process  showed  that 
there  was  a  considerable  difficulty  in  avoiding  a  lamination,  exfoliation 
or  scaling  of  the  copper  of  which  the  tubes  were  built  up,  due  no  doubt 
partially  to  the  intermittent  action  of  the  burnishers.  In  the  latest 
work  this  difficulty  is  said  to  be  completely  overcome,  and  large 
quantitieB  of  copper  tubes  are  manufactured  for  both  Overman,  Erenoh 
and  English  naval  construction.  Nevertheless,  from  the  point  of  view 
of  the  shareholder,  the  Elmore  companies  have  not  yet  been  a  great 
suooess,  but  this  seems  to  be  largely  due  to  over-capitalisation,  and 
also,  perhaps,  to  too  great  an  expenditure  on  the  purchase  of  the 
patents  and  promotion.  The  method  itself  appears  to  yield  copper 
tubes  at  a  price  for  which  an  article  of  similar  quality  cannot  be  ob« 
tained  by  any  of  the  older  processes  of  tube  drawing. 

At  the  annual  meeting  of  the  Elmore  Patent  Company,  in  June, 
1896,  it  was  stated  that  the  Board  of  Trade  had  sanctioned  the  use  of 
Elmore  tubes  of  any  diameter  in  passenger  steamers  built  under  their 
survey,  and  in  1899  the  Elmore  companies  were  amalgamated  under 
the  title  of  the  English  Electro-Metallurgical  Company,  with  a  capital 
of  £700,000.  Copper  deposited  by  the  Elmore  process  has  shown  a 
breaking  tensile  stress  cf  26*5  tons  per  square  inch,  with  an  elongation 
of  i6'5  per  cent,  on  a  test  piece,  whose  length,  however,  is  not  given ; 
the  elastic  limit  occurring  under  a  tensile  stress  of  23*3  tons  per  square 
inch  (JoumeU  of  the  Itutitution  of  JEUetrieal  Enyineera^  vol.  29,  p.  261). 
Commercial  cast  copper  breaks  at  from  8*4  to  11*5  tons  per  square 
inch;  ordinary  wrought  copper  bolts  break  at  about  14*7  tons  per 
square  inch;  whilst  special  samples  of  non-electrolytic  wrought  copper 
have  been  obtained  by  working  and  drawing,  with  an  ultimate  break- 
ing-stress of  26*7  tons  per  square  inch.  (Anderson's  *'  Strength  of 
Materials,"  pp.  81-86). 

A  second  process  for  manufacturing  solid  copper  tubes  directly  by 
means  of  electro-deposition  is  that  patented  by  E.  Dumoulin,  Paris, 
Eng.  Pat.  2,709,  February,  1897  >  2,710,  February,  1897 »  ^"^d  Eng. 
Pat.  16,360,  1895.  The  method  adopted  under  these  patents  is  that 
of  rotating  a  horizontal  mandril  in  the  copper  sulphate  bath,  which 
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mandiH  acts  as  the  cathode,  but  instead  of  employing  agate  burnishing 
rolls,  animal  membranes  are  hnng  over  the  mandril,  which  rotates 
beneath  them.  The  pressure  employed  is  only  that  due  to  the  weight 
of  the  membrane.  The  membranes,  which  are  called  impregnators, 
are  made  of  intestines,  bladders,  or  sheepskin.  It  is  found  that  the 
small  amount  of  organic  matter  introduced  into  the  solution  by  these 
impregnators,  has  a  prejudicial  effect  on  the  copper  deposited 
(cf.  p.  545),  and  to  avoid  this  the  electrolytic  bath  ia  worked  cold 
(under  15°  0.),  to  as  far  as  possible  prevent  solution.  The  skin  is  also 
treated  with  bi-chromate  of  potash  solution,  or  with  a  solution  of 
10  to  40  per  cent,  formic  aldehyde  (Eng.  Pat.  13,861,  June,  1898), 
after  which  it  is  washed.  This  preliminary  treatment  of  the  im- 
pregnators is  to  render  the  org^anic  matter  in  them  either  insoluble  or 
to  previously  remove  that  part  wliich  would  be  soluble  in  the 
electrolyte,  and  it  is  stated  that  after  this  treatment,  the  skin  im- 
pregnators may  be  employed  successfully  in  either  a  cold  or  a  hot 
solution.  This  process  is  said  to  be  very  successful,  and  xmder  the 
title  of  the  Electrical  Copper  Company  it  carries  out  the  manufacture 
of  copper  tubes  at  Widnes,  established  in  1897.  The  capital  is 
£500,000.  A  description  of  the  Widnes  works  is  given  in  the  Eleetrieal 
Review  (vol.  43,  1898,  pp.  561-562),  by  J.  B.  0.  Kershaw.  He  states 
that  there  are  30  depositing  vats,  which  are  shallow  lead  lined  troughs, 
each  provided  with  a  revolving  mandril,  12  feet  long  and  I  foot 
4  inches  in  diameter.  The  mandrils  are  half  immersed  in  the  electrolyte 
which  contains  7  per  cent.  (».«.,  about  12  ounces  per  gallon),  of  free 
sulphuric  acid  and  40  ounces  of  copper  sulphate  per  gallon.  The 
solution  is  cooled  and  filtered  after  each  passage  through  the 
depositing  vats.  The  anodes  consist  of  thick  plates  of  raw  copper 
bent  into  a  semi-cylindrical  form.  Under  normal  conditions,  44  lbs. 
of  copper  are  deposited  on  one  mandril  producing  a  tube  of  deposited 
copper  weighing  14  ozs.  to  the  square  foot.  The  current  density  is 
from  35  to  40  amperes  per  square  foot  and  the  e.  m.  f.  required 
is  1*6  volts  per  vat,  at  firbt,  rising  however,  as  the  anodes  become 
eaten  away.  Large  tubes  of  copper  made  at  Widnes,  are  out 
longitudinally,  and  converted  inlo  sheets,  having  a  superficial 
area  of  48  square  feet.  The  capacity  of  the  plant  in  1 898  wa^ 
equal  to  60  such  sheets  per  day  (t.«.,  two  sheets  per  vat),  but  it 
was  to  be  increased  by  the  erection  of  depositing  vats  for  the  produc- 
tion of  boiler  tubes. 

Fig.  136  shows  a  longitudinal  section  of  Dumoulin's  apparatus, 
Eig.  137  is  an  end  elevation,  and  Fig.  138  is  a  plan.  The  apparatus  is 
thus  described  in  patent  16,360,  1895,  by  the  i>atentee  : — ''  <;  is  a  vessel 
or  tank  placed  between  two  cast  standards  ^,  ^,  each  of  which  carries  a 
shaft,  tf,  f ,  of  brass,  which  is  adapted  to  actuate  the  ma9dril  and  to 
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mnduct  the  ciureiLt  t 


One  end  of  each  of  tbeee  Bbafts  is 
provided  with  a  hand- wheel, 
e",  <",  and  tite  other  is  provided 
with  a,  sorew-head,  e',  e' ;  the 
eald  ifaafte  paw  into  the  veaeel 
or  tsuk  through  stntBug' 
A  boiee,  /,  /,  which  are  allowed 
"  oecessaiy  play  (abont  one  ceuti- 
^  meter  in  Uie  Te«eel  r,  as  ahown 
at  c,  c).  Of  theee  two  shafts, 
which  slide  freelj  in  the  htan- 
dards  t,  j,  one  ia  free  tud  the 
other  Btrikes  againat  an  adjus- 
table stop  d,  earned  on  two 
supports  I,  t,  flied  to  one  of 
the  standaidH  i." 

"This  shaft  carries  a  bevel 
wheel  A,  which  ia  driven  by 
another  bevel  wheel  fixed  to 
tlie  step  puller's  i,  adapted  to 
drive  the  mandril  at  three  dif- 
ferent q>oeds :  the  said  pulleys 
are  driven  by  the  rt^  pulleys  j 
keyed  to  the  drivinji  shaft  (." 

"The  mandril  cousiBla  at  a 

steel  tube   a,  provided   at  ite 

ends  with  brass  heads  ir.  tc, 

^    provided     with     axial     holee 

M    which  are  screwed  to  reodve 

M   the   ends  «*,   a'    of    the  two 

'''    screwed     shafts.       In     casea 

where    the    said    heads    ere 

situated  at  some  distance  apart, 


(arture  of  tubes,  I  provide  in 
the  axiK  of  the  mandril  or  tube 
a  a  metal  rod  connecting  the 
two  heads,  the  aud  rod  being 
a  good  conductor,  which  dis- 
tributes the  current  evenly 
along  the  length  ot  the  tube 
by  means  of  copper  wires 
arranged  in  bunches  {en  Ult  dt 
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**  The  apparatus  is  employed  as  follows : — ^The  ends  of  the  tnbe  a  are 
placed  opposite  the  two  shafts  ^,  «,  and  are  screwed  to  the  same  by 
means  of  the  hand  wheels  e'\  0" ;  the  stop  d  is  then  put  in  position, 
and  the  appiU'atus  is  ready  to  work." 

*^  For  the  purpose  of  moving  the  impreg^nators  to  and  fro,  I  arrange 
on  the  standard  which  carries  the  mechanism  for  actuating  the  man- 
dril a  small  shaft  m,  m,  which  carries  a  step  pulley  A;,  which  is  actuated 
from  another  step  pulley  m  keyed  to  the  driving  shaft.  To  the  other 
end  of  this  shaft  u  I  attach  a  gloved  plate  n^  n,  in  the  groove  of  which 
the  head  of  a  connecting  rod  p  slides.  This  connecting  rod  is  fixed  at 
the  other  end  to  a  slide  0,  0,  which  moves  in  a  guide  g^y  ^^,  so  as  to 
ensure  the  rod  y  sliding  in  a  straight  line :  this  movement  is  trans- 
mitted to  the  bar  r,  which  carries  the  impregnators,  and  is  supported 
by  the  frame  ^." 

"  By  this  means  the  movement  is  effected  quite  regularly  :  the  stan- 


u 


*1 


Jl 


Fig.  138. 

dards  by  b,  which  are  not  connected  with  the  tank  and  the  stuffing 
boxes,  have  no  metal  deposited  on  them,  which  would  very  soon  render 
them  useless.  Tlie  mandril  is  fixed  to  the  shafts  by  the  screw  thread 
<!*,  but  the  said  shafts  are  protected  against  deposit  by  a  ring  of  india- 
rubber  g,  which  covers  the  end  of  the  mandril,  and  is  firmly  damped 
by  rings  of  insulating  material  s,  zJ*^ 

A  recent  patent  taken  out  by  Dumoulin,  Eng.  Pat.  7,918,  April  15, 
1899,  is  for  the  formation  of  spiral  bands  on  a  revolving  mandril  by 
his  process,  presumably  for  subsequent  manufacture  into  wire. 

The  theory  favoured  by  the  inventor  of  this  process  as  explaining  the 
satisfactory  mechanical  character  of  the  copper  deposited  at  such  high 
current  density,  is  that  any  rough  particle  of  copper  sticking  out  from 
the  revolving  surface  scrapes  a  portion  of  non-conducting  organic 
matter  from  the  skin  impregnator,  and  is  thus  protected  from  further 
growth    by  copper  dejxisition  until  the  remaining  surfaoe  of   the 
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cathode  is  at  the  same  height.  There  is,  I  consider,  some  doubt  as  to 
the  satisfactory  nature  of  this  explanation,  and  it  seems  probable  that 
all  the  methods  which  have  been  so  far  devised  for  the  eleotro-depodtioD 
of  copper  in  the  form  of  tubes,  etc.,  at  high  current  density,  and 
yielding  copper  of  exceptionally  good  mechanical  properties  may  be 
explained  in  one  and  the  same  way,  an  explanation  which  will  be  con- 
sidered later.     (See  p.  559.) 

For  further  details  of  later  modifications  of  plant  employed  by 
Dumoulin,  the  reader  is  referred  to  the  orig^inal  patents  cited  above, 
the  space  limits  of  this  work  making  it  impossible  to  include  any 
further  details  here. 

Mr.  CSowper  Coles  has  deviBed  a  third  method  for  depositing  copper 
electrolytically  at  high  current  density  in  the  form  of  tubes.  The 
copper  obtained  has  very  satisfactory  mechanical  properties.  A  paper 
on  this  method  was  read  by  Mr.  Ck)wper  Coles,  before  the  Institute  ol 
Electrical  Engineers  in  January,  1900.  The  method  consists  la 
rotating  mandrils  with  vertical  axes  in  a  bath  of  copper  sulphate  of  the 
usual  composition.  No  burnishers  or  rubbing  contacts  on  the  copper 
surface  are  employed,  but  the  mandrils  are  rotated  at  a  very  high 
angular  velocity.  The  arrangement  of  the  caUiode  and  anodes  was 
described  in  the  original  paper  as  follows : — 

^'  The  apparatuH  employed  for  the  centrifugal  process  consists  of  a 
wooden  vat '  A,'  Figs.  139  and  140,  in  which  are  placed  anodes  com- 
posed of  crude  copper.  The  cathode  is  a  hollow  mandril '  B,'  made  of 
brass,  which  is  supported  on  a  revolving  shaft '  C  The  shaft  is 
brought  through  the  bottom  of  the  vat  to  the  top  of  the  cell,  and  is 
protected  from  the  acid  copper  sulphate  solution  by  a  lead-cased 
wrought-iron  column.  The  shaft  is  caused  to  revolve  by  gearing 
placed  beneath  the  depositing  cell,  the  speed  varying  with  the  size  of 
the  mandril  employed.  The  mandril  at  one  end  is  fitted  with  an  eye 
bolt '  D '  for  lifting  purposes,  and  a  circular  brass  casting  '  £,' 
against  which  the  contact  brushes  *  F '  rub  for  collecting  the  negative 
current.  The  brushes  are  fitted  to  arms  '  G,*  which  are  made  to  turn 
back  to  allow  of  the  easy  withdrawal  and  insertion  of  the  mandril. 
'  H '  is  a  baffle  plate  made  of  an  insulating  material,  placed  at  the 
lK)ttom  of  the  mandril  to  prevent  the  formation  of  copper  '  trees '  or 
'  nodules.'  The  electrolyte  is  briskly  circulated  through  the  cells  by 
means  of  an  acid  proof  pump  or  sir  pump,  the  solution  being  forced  or 
pumped  to  a  reservoir,  where  it  passes  through  a  filter  to  rid  it  of  all 
impurities  in  suspension.  When  it  is  desired  to  obtain  a-  sheet  of 
copper,  the  tube,  after  being  removed  from  the  mandril,  is  cut, 
flattened  out,  and  annealed ;  when  a  wire,  a  piece  of  insulating  mate- 
rial is  wound  round  the  mandril  in  Hie  form  of  a  spiral,  and  copper  is 
deposited  between  the  threads  xmtil  the  thickness  of  copper  is  equal  to 
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the  distance  between  tlie  threads,  the  npirHl  is  then  remorcd,  and  afbr 
annealing  IB  drawn  oni  in  the  usual  manner.  The  mandril  is  given  a 
amall  taper,  and  ia  slightly  greased  hi  facilitate  tlie  romoral  of  the 
tobee.  Figs.  141  and  14'  Bhow  a  modified  anrangement  for  driting 
the  mandril  from  above  instead  of  from  below." 

The  inventAr  apparcntlj  advices  working  the  solution  at  a  tempera- 
tm:«  of  about  65°  G.,  with  a  peripheral  speed  of  surface  of  tlie  cathode 


Fig.  14a 

ot  about  500  feet  per  minute,  and  a  current  density  of  from  100  to 
200  amp^s  per  square  foot.  The  solution  fonnd  satisfactoiy  bf  the 
inventor  had  the  foUowing  compi>aitian ; — 

Copper  sulphate  crystals,  31  uzb.  per  gallon. 

Sulphuric  acid  (H3SO,)  I2'6  oze.  per  gallon. 

Made  up  to  one  gallon  with  water. 
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The  copper  obtained  by  this  prooess  (unannealed),  had  a  breaking 
tensile  stress  of  22*1  tons  per  square  inch,  and  had,  in  the  form  of 
drawn  wire,  a  breaking  strain  of  29  tons  per  square  inch,  whilst 
annealed  wire  broke  at  20  tons  per  square  inch.  The  electrical 
conductivity  was  99  per  cent,  (presumably  of  the  Mathiessen  standard). 
Tubes  12  inches  in  diameter  have  been  produced. 

In  the  experiments  described,  the  inrentor  stated  that  there  waa  a 
critical  speed  of  surface  of  the  anode  below  which  the  good  character  of 
the  copper  deposited  at  high  current  densities  was  not  maintained. 
The  critical  speed  waB  stated  to  be  not  less  than  i  ,000  feet  per  minute.* 


Fig.  141. 

This  invention  is  covered  by  Eng.  Pat.  16,210,  Aug.  9,  1899,  and 
Eng.  Pat.  21,197,  1 898-  ^^  abstract  of  the  former  given  in  the 
Journal  Soc,  Ckem,  Ind.,  vol.  19,  p.  671  is  aa  follows; — 


♦  This  appears  to  be  an  error  in  Mr.  Cowper  Coles'  paper,  for  he 
also  speaks  of  normally  using  a  surface  speed  of  500  feet  per  minute 
and  obtaining  excellent  results. 
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*'  Manufacture  of  thin  tubes  or  sheets  of  copper  or  other  metal  by 
electro-deposition : — Thin  tubes  or  sheets  of  copper  or  other  metal  are 
formed  by  successively  depositing  coatings  or  lay  era  of  metal  on  a 
cathode  or  mandril  whilst  it  is  rotated  at  high  speed,  and  a  thin 
coating  of  a  greasy  matter,  or  of  an  oxide,  or  sulphide,  or  the  like  is 
applied  before  each  coating  or  layer  of  metal  is  deposited.  The 
rotation  may  be  effected  by  means  such  as  those  described  in  Eng-. 
Pat.  21,197,  1898." 

The  large  value  per  ton  of  copper  tubes  of  high  class  mechanical 
property,  of  course,  justifies  the  employment  of  far  larger  amonnta  of 
energy  than  could  be  used  with  economy  if  only  raw  electrolytic  copper 
requiring  further  manufacturing  operations  were  employed,  but  it 
appears  to  me  somewhat  doubtful,  if  even  these  advfmtageous  Gondi-> 
tions  for  a  high  current  density  can  economically  allow  of  a  current 
density  of  100  to  200  amperes  per  square  foot,  and  at  the  same  time 


Fig.  142. 


permit  the  further  larg^  consumption  of  energy  necessary  to  maintain  & 
surface  speed  of  cathode  of  500,  600,  and  even  as  the  author  statee 
ijCXX)  feet  per  minute  {Journ.  Inst.  Elect.  Eng,,  vol.  29,  p.  284),  whilst 
the  electrolyte  is  pumped  through  the  cell  at  such  a  rate  that  it  is 
renewed  every  five  minutes  {loc.  cit.,  p.  266).  No  doubt  time  and  the 
operation  of  this  process  on  the  manufacturing  scale  wiU  finally  settle 
this  question.  In  my  opinion,  if  the  method  is  finally  successful,  the 
current  density  employed  will  probably  be  not  at  all  higher  than  100 
and  the  peripheral  speed  will  be  kept  as  low  as  possible,  whilst  the 
rate  of  renewing  the  ele(;trolyte  will  be  reduced.  Prophecy  is,  however, 
usually  a  rash  and  always  a  thankless  office.  Mr.  Cowper  Coles 
attributes  the  favourable  results  obtained  with  his  process,  firstly  to 
the  skin  friction  between  the  copper  and  the  liquid  burnishing  the 
metal,  and  secondly  to  the  centrifugal  force  driving  off  all  solid 
particles  and  gas  bubbles. 
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Many  other  inventx^rB  have  devised  processes  for  either  rotatiug  the 
cathodes  or  the  electrolyte,  or  for  rapidly  circulating  the  electrolyte,  or 
oontinnoufily  ruhhing  the  deposited  copper  surface,  hut  none  of  these 
processes  have  to  my  knowledge  heen  deserihed  in  any  detail,  although 
several  of  them  are  said  to  he  in  successful  use  for  the  direct  manu- 
facture of  copper  tuhes  and  sheet,  thus  saving  the  cost  of  remelting, 
rolling,  etc. 

Mr.  Htnry  Wilde,  F.B.S.  patented  (Eng.  Fat.  4,51 5,  1875),  a 
process  in  which  hoth  the  liquid  and  the  cathode  are  rotated  at  a 
high  speed,  hy  means  of  which  he  claimed,  a  sound  copper  deposit 
could  he  ohtained  at  an  exceptionally  high  current  deubity.  Mr.  Wilde 
states  that  his  process  has  heen  successfully  operated  in  Manchester* 
and  elsewhere  for  more  than  20  years  (Joum.  Soc.  EUct.  Eng,,  vol.  29, 
p.  272). 

Mr.  Z.  T.  de  Ferranti  states  that  somewhere  ahout  1893  or  1894,  he 
saw  a  demonstration  in  Pans  of  a  process  for  ohtaining  sheet  copper,  in 
which  horizontal  rollers  half  immersed  in  copper  sulphate  electrolyte, 
were  rotated  at  a  very  high  speed,  and  copper  deposited  on  them  at  a 
high  current  density.  The  cylinders  were  from  2  feet  6  mches  to  3 
feet  in  diameter.  The  copper  sheet  deposited  was  heautif ully  smooth 
and  regxdar  (Joum.  Soe.  Elect.  Etig.,  vol.  29,  p.  280). 

Mr.  Sanders,  who  was  at  one  time  manager  of  the  Elmore  works,  also 
produced  at  Easthoume  very  fine  deposits  of  copper  without  humishing, 
hy  rotating  a  horizontal  cathode  cylinder  three  quarters  immersed  in 
the  copper  sulphate  electrolyte  at  a  speed  of  ahout  100  revs,  per 
minute,  and  employing  a  very  high  current  density.  Mr.  Sanders 
appeared  to  wish  to  apply  this  method  to  the  production  of  wire,  for 
he  wound  a  wire  on  the  cylindrical  cathode  hefore  depositing  the 
copper,  and  a  most  beautiful  spiral  deposit  of  copper  was  obtained  on 
this  wire,  which  grew  until  it  was  large  enough  to  be  uncoiled  from 
the  mandril.  Mr.  Ferranti  states  that  t^e  wire  thus  obtained  after 
being  drawn  through  a  few  dies  was  of  most  excellent  character. 
This  method  was  not,  however,  employed  commercially,  because  of  the 
prevailing  idea  that  it  is  not  possible  to  produce  copper  wire  more 
cheaply  than  by  the  old-fashioned  method,  the  prevailing  feeling 
being  that  the  absolutely  lowest  possible  cost  price  has  been  already 
reached.     {Joum.  Soe.  EUet.  Eng.,  vol.  29,  p.  280.) 

Mr.  Swan  also  has  shown  in  a  lecture  at  the  Boyal  Institution,  that 
very  smooth  and  excellent  copper  deposits  may  be  obtained  at  very 
high  current  density,  by  moving  the  cathode  plates  at  a  high  surface 
speed  in  the  electrolyte.     (Joum.  Soc.  Elect.  Eng.y  vol.  29,  p.  281.) 

A  process  was  patented  by  Paul  David  in  February  or  March,  1894, 
and  waq  taken  over  and  used  by  La  Society  des  Guivres  de  France,  3, 
Rue  Cambon,  Paris.     The  centrifugal  process  in  this  patent  is  claimed 
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**  for  the  fabrication  of  tubes  and  other  objects  in  ooppor,  by  means  of 
simple  rotation  in  the  electrolyte.''  (Journ.  Soe.  Elee.  Eng.^  vol.  29, 
p.  283). 

It  was  stated  in  an  article  on  the  Anaconda  Copper  Befining  Gb. 
(SUetrmanf  vol.  38,  Nov.,  1896,  p.  147),  that  after  six  years'  attempts, 
H.  Thofehm,  the  manager,  had  developed  a  process  for  rapid  copper 
deposition,  by  which  the  metal  was  obtained  in  the  finished  state,  either 
as  sheets  for  rolling,  or  as  tnbes.    The  process  was  as  follows : — ''  A 
hollow  cylinder  about  eight  feet  long  and  three  feet  in  diameter,  is  im- 
mersed in  the  electarolyte  and  forms  the  cathode,  npon  which  the  copper 
ia  electrically  deposited  with  a  current  density  of  50  to  100  amperes  per 
sqnare  foot.    The  anodes  are  common  converter  pigs,  ingots,  shot  or 
scrap  copper  or  whatever  is  at  the  disposal  of  the  refiner.    It  is,  indeed, 
stated  that  white  metal  containing  only  75  to  80  per  cent,  of  copper 
has  been  nsed  satisfactorily.    It  is  an  advantage  that  this  oopper  in  its 
crude  market  state  can  be  used  without  transforming  it  previously  by 
melting  into  plates  for  anodes,  and  by  avoiding  this  preliminary  caf«t- 
ing  as  much  as  12/6  per  ton  is  saved.    The  cylinder  which  is  used  as  a 
cathode  revolves  in  a  tank  at  a  slow  speed,  and  the  copper  that  preci- 
pitates upon  it,  is  in  the  shape  of  extremely  fine  crystals  assnming  the 
form  of  hexagonal  needles  or  hairs  which  can  only  be  seen  through  a 
powerful  microscope.    In  order  to  produce  a  g^d  and  dense  dej)08it  of 
oopper,  these  microscopic  needles  must  be  interwoven,  felted  and  com- 
pressed.    This  is  attained  by  the  action  of  numerous  small  jets  of 
electrolyte  directed  under  pressure  against  the  revohdng  cylinder. 
While  apparently  to  the  naked  eye  no  action  whatever  seems  to  follow 
from  the  jets,  the  final  result  is  remarkable.   The  oopper  deposited  is  to 
the  fall  extent  of  its  thickness  thoroughly  dense  ;  even  after  continuous 
annealing  and  hammering  no  foliaticm  whatever  can  be  obtained. 
The  foliation  is  one  of  the  main  drawbacks  of  the  Elmore  process, 
rendering  its  use  for  the  manufacture  of  tubes,  etc.,  unsafe.    The 
method  of   directing  a  stream  of  fresh  electrolyte  on  the   surface 
of  the  cathode  has  another  advantage.    The  whole  cylinder  is  sor- 
rounded  by  the  fresh  electrolyte  coming  from  the  purifying  tanks  and 
no  matter  how  impure  the  anodes  are,  and  how  large  the  amount  of 
impurities  in  the  liqnid,  the  cathodes  are  fully  surrounded  by  dean 
electrolyte  only.     The  course  of  the  liquid  is  as  follows : — From  the 
epuration  tanks  it  is  directed  against  the  cathode,  surrounding  it  with 
a  layer  of  about  }  inch  thick.     It  goes  from  there  to  the  anodes,  and 
then  to  the  collecting  tanks  previous  to  its  return  to  the  epuration 
tank.      After  one  inch  thickness  of  copper  is  deposited  upon  the 
cathode,  the  sheet  of  metal  is  taken  off  by  opening  the  cylinder  by 
means  of  a  small  hydraulic  jack,  especially  devised  for  this  purpose. 
The  plates  of  the  deposit  on  the  cylinder  are  not  continuous.    A  smaiQ 
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seam  being  left  in  the  cylinder  for  the  attachment  of  the  hydraulic 
jack.  After  opening  the  plates  suffldentlj  to  slide  out  the  cylinder, 
it  is  placed  on  a  cast  iron  bed  plate,  held  fixed  at  one  edge,  and  a 
heavy  ToUer  is  inserted,  and  pulled  forward  by  a  hydraulic  ram,  thus 
tran^orming  the  plate  into  a  flat  sheet.  The  plates  so  produced  are 
ready  to  go  to  the  rolling  mill  without  preliminary  melting  or  anneal- 
ing. The  quality  of  the  copper  produced  by  this  method  is  higher 
than  that  produced  in  the  usual  way  by  melting,  etc.  The  oonduo- 
ti\'itj  is  generally  100  per  cent,  Mathiessen's  standard.  The  tensile 
streng^  is  about  33*48  tons  per  square  inch,*  and  the  elongation  is 
about  2  per  cent.,  whilst  the  number  of  twists  in  six  inches  of  Ko.  12 
wire  is  about  100.  These  tests  are  all  made  on  the  hard  drawn  wire." 
And  yet — and  yet,  it  is  announced  in  1900,  only  four  years  after  this 
extremely  laudatory  description,  that  this  method  had  been  abandoned 
{Joum.  EUe.  Eng.^  vol.  29,  p.  283),  or  to  be  more  precise  the  projee- 
tion  of  the  electrolyte  on  the  cathode  had  been  abandoned,  and 
although  I  am  under  the  impr^aion  that  the  whole  of  the  extra  densily 
current  deposition  process  has  been  discarded  at  Anaconda,  I  do  not 
think  I  could  produce  written  or  printed  eyidence  to  that  effect. 
What  is  the  reason  of  this  abandonment  P  Does  it  not  also  seem  to  point 
to  the  fact  that  the  cost  of  the  energy  at  snoh  larg^  current  dentdty, 
and  with  so  much  pumping  of  solution,  is  too  high,  in  spite  of  the  faot 
that  it  is  stated  at  the  end  of  the  paper  above  quoted  that  the  cost  of 
refining  one  ton  of  copper  by  the  high  current  density  method 
described  is  estimated  to  be  not  more  than  £3  6s.  8d.  per  ton.  Was 
the  estimate  correct? 

S«aaon  for  Fosslbility  of  Valns  Blsh  Onrront  Donaltj  wltli 
Botatins  OatbodM. — In  the  discusrion  on  Gowper  Coles'  paper  on  his 
centrifugal  process,  Mr.  Alan  Williams  pointed  out  that  probably  the 
true  action  of  Dumoulin's  so-called  impregnators,  and  also  the  high  sur- 
face velocity  in  the  Gowper  Coles  process,  were  both  the  same,  and  con- 
sist in  the  wiping  off  from  the  surface  of  the  cathode  the  impoverished 
electrolyte  from  which  the  copper  is  so  rapidly  removed  by  the  high 
current  density  employed.  Mr.  Williams  said,  **  My  theory  of  this 
process,  and  of  all  other  processes  of  this  character,  which  have  produced 
satisfactory  results  is  this :  In  an  ordinary  depositing  cell  immediately 
the  current  is  switched  on,  copper  is  deposited  on  the  cathode  and  a 
thin  layer  of  electrolyte  touching  the  cathode  becomes  very  considerably 
weakened  in  consequence.  Before  more  deposition  can  take  place 
this  layer  of  exhausted  electrolyte  must  be  removed.    If  left  to  ittelf 

*  This  appears  enormous,  but  even  if  the  load  is  given  in  short  tons 
of  2,000  lbs.  it  is  still  equivalent  to  an  ultimate  tensile  strength  of 
29'88  tons  avoirdupois,  which  is  surprisingly  large. 
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it  icill  naturally  break  up  in  a  sort  of  granular  formation^  being  perforated 
at  a  number  of  point*  y  and  allotring  copper-bearing  electrolyte  tohaveaeeess  to 
the  cathode  through  the  perforatiotutj  and  permitting  a  number  of  nodnlee 
of  copper  to  befortned ;  an  in'ogular  deposit  then  grows  on  tiiese  nodules. 
To  prevent  this  action  from  t^iking*  place  it  is  necessary  to  remove  the 
fihn  of  exhausted  ele<'trolyte  immediately  it  is  formed,  either  by 
friction,  violent  circulation,  or  rotation  of  the  cathode.  Consequently 
the  process  which  most  eife<*tually  removes  this  film,  and  which  at  the 
same  time  gives  the  most  uniform  distribution  of  current  and  the  most 
uniform  strength  of  electrolyte  over  the  whole  siuface  of  the  cathode, 
should  be  one  to  produce  the  best  deposits  of  copper  and  to  allow  of  the 
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Curve  II. 
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highest  cnrrent  density."  That  portion  of  the  above  remarks  here 
given  in  italics,  was  not  so  indicated  in  the  original,  bnt  I  have  so 
marked  it  to  point  ont  that  this  is  the  only  portion  of  Mr.  Williams' 
excellent  explanation  which  does  not  quite  commend  itself  to  my 
judgment.  I  fancy  that  the  bad  deposit  under  the  condition  of  a  layer 
of  electrolyte  weak  in  copper,  close  against  the  cathode,  is  due  to  the 
deposition  of  hydrogen,  which  must  occur  in  a  weak  solution  simul- 
taneously with  the  copper,  thus  causing  bubbles  of  gas  to  be  inter- 
spersed with  particles  of  copper,  rendering  the  deposit  loose  and 
flooculent. 

The  Price  of  Copper  and  its  Flnetnatloiui. — A  very  complete 
treatise  on  the  price  of  copper  and  its  annual  output  for  a  hundred 
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Curve  showing  the  price  of  G.  M.  B.'s  per  ton  on  December  31  of 
each  year  from  1889  to  1899  (October  i). 
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years  back  has  been  recently  produced  by  Messrs.  N.  Brown  and  C.  C. 
Tumbull  (London :  Effingham  Wilson,  1899,  ^s-  ^•)>  f>^^  in  a  review 
of  this  pamphlet  appearing  in  the  Uleetriciatij  vol.  44,  1899,  p.  225, 
Curves  II.  and  III.  shown  here  are  gfiven,  which  practically  sum  up 
the  more  important  features  in  these  variations. 

The  G-.  H.  B.  copper  is  of  96  per  cent,  purity,  and  the  ''  tough  " 
cop7)er  is  about  99*5  per  cent,  purity,  the  "tough"  costing  from 
£2  to  £3  per  ton  more  than  the  good  merchantable  brands  (G.  M.  B.). 

The  price  of  electrolytic  copper  is  from  £2  to  £^  per  ton  more  ex- 
pensive than  the  **  tough  "  copper. 

The  prices  per  ton  of  various  brands  of  copper  given  in  the 
Western  Newa  Metal  Market  on  August  8th,  1901,  were  as  follows  : — 

G.  M.  B.'s,  £65  5s. ;  English  tough,  £71 :  best  selected,  £72 ;  and 
strong  sheets,  £83.    Probably  electrolytic  would  be  £73  to  £73  los. 

00 
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Th«  Ctost  Of  »#flnlng  Oopp«r  Btootrolytleally. — ^The  cost  per 
ton  of  refining  oopper  eleotrolytioallj,  when  the  anodes  and  cathodes 
are  arranged  in  the  usual  parallel  method  in  the  rata,  is  stated  by 
Fetera*  to  be  £3  58.,  whilst  when  arranged  in  the  series  method,  as  in 
the  prooeas  adopted  bj  Hayden,  Stalmann,  and  others,  Peters  states  the 
oostof  refining  to  beabont  £3  8s.  per  ton.  As  is  stated  on  page  559  of 
this  volume  Trofehm  estimated  the  cost  of  his  apecia]  high  cmrent 
density  prooess  of  refining  to  be  ;£'3  6s  8d.  per  ton,  whilst  when  using 
the  ordinary  process,  at  Anaconda,  he  considered  that  the  cost  wbb 
£2  i8s.  6d.  per  ton.  These  figores  do  not  allow  anything  for  the 
value  of  the  silver  and  gold  recovered,  which  is  an  extra  source  of 
profit. 

T.  TJlke  states  {JBUet.  Rmi.,  N.  York,  voL  38,  1901,  p.  85  and  loi— 
103)  that  the  cost  of  refining  one  ton  of  anode  oopper  is  lees  than 
jf  I  13s.  4d.  at  theBaritan  Copper  Befinery  at  Perth- Amboy,  which  is 
now  the  larg^t  in  America,  with  an  output  of  150  tons  of  copper  per 
day.  To  reduce  the  costs  of  refining  to  this  very  low  value  automatic 
machinery  is  employed  for  casting  the  anodes,  and  every  possible 
labour-saving  device  is  adopted.  I  find  it  difficult  to  believe  that  this 
last  estimate  can  possibly  oover  all  the  costs  of  production.  IVnr  I  am 
of  the  opinion  that  if  the  cost  of  labour  and  the  salaries  for  manage- 
ment, etc.,  were  reduced  to  zero  the  cost  of  refining  one  ton  of  copper 
electrolytically  could  not  be  less  than  about  £1  zoa. ;  that  is,  if  the 
value  of  the  gold  and  silver  separated  from  the  anode  copper  is  not 
considered  as  a  set  off  to  part  of  the  cost  of  refining. 


•  "  Modem  Oopper  Smelting."    Peters. 


CHAPTER  IV. 

ELECTROLYTIC  GOLD  AND  SILVER  BULLION 

REFINING. 

Eleotrolytio  Refining  of  Gold  Ballion  (WohlwilUs  Process). —Pforzheim 
Process  of  Recovering  Gold  and  Silver  from  Complex  Jewellery  Alloys.— 
Electrolytic  Silver  Refining  (Mobius*  Process). 

Tlia  BlActroljrtlo  B^flnlns  of  Oold  BqUIob. — ^The  only  process 
employed  for  the  electrolytic  refining  of  gold  bullion  is  that  devised  by 
Dr.  Wohlwill,  which  has  been  employed,  it  is  said,  since  as  early  as 
1880,  at  the  Norddeutsche  AfBneiie,  at  Hambuig  (E.  Wohlwill, 
Zeitichrift  fur  £lektroehetnie,  vol.  4,  pp.  378 — 385,  402 — 409,  and 
421 — ^423).  Three  good  resumes  of  Dr.  Wohlwill's  papers  may  be 
found  in  English  in  the  Journal  of  the  Society  of  Chemveal  Industry^ 
vol.  17,  1898,  p.  585 ;  in  the  JEleetrieian  at  the  end  of  a  paper  by 
Titus  Ulke,  toI.  46,  p.  582 ;  and  in  a  paper  by  J.  B.  C.  Kershaw,  on 
'*  Electrolytic  MeUiods  of  Bullion  Refining,"  in  the  £lectrician,  vol.  41  ^ 
p.  187. 

The  electrolyte  employed  by  Wohlwill  consists  of  an  aqoeoua  solution 
of  auric  chloride,  containing  from  5  to  30  grams  of  gold  per  litre, 
mixed  with  from  20  to  50  cubic  centunetres  of  fuming  hydrochloric 
add  (s.  g.  =  1*19)  per  litre.  Distilled  water  should  be  employed  for 
the  solution.  Instead  of  the  hydrochloric  add  from  2 1  grams  up  to  as 
much  as  nearly  100  grams  of  sodium  chloride  per  litre  may  be  used.  The 
amount  of  sodium  chloride  must  not,  howeTer,  exceed  100  grams  per 
litre,  because  silver  chloride  is,  as  is  well  known,  soluble  in  strong  solu- 
tions of  common  salt,  and  under  the  condition  of  the  presence  of  an  excess 
of  sodium  chloride  in  the  electrolyte  the  silver  diloride  formed  at  the 
anode,  instead  of  remaining  insoluble  and  becoming  detached  and  falling 
into  the  anode  sludge,  dissolves,  and  is  finally  deposited  with  the  gold 
at  the  cathode.  The  temperature  at  which  the  solution  is  worked  is 
from  60'  to  70^*  0. 

The  anodes  consist  of  hen  of  the  impure  gold  bullion  o*  1 6  inch  thick, 
and  containing  lead,  silver,  platinum,  palladium,  iridium,  and  osmium 
as  impurities.  When  first  inserted  the  anodes  wdgh  8*8  lbs.  each, 
and  have  a  total  surface  (on  both  sides)  of  i '  1 1 38  square  feet. 
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The  cathodes  are  made  of  thin  rolled  sheets  of  electrolytically 
deposited  gold  of  the  same  length  as  the  anodes,  but  are  narrower,  for 
dnnng  the  course  of  the  electrolytic  action  they  rapidly  grow  in 
thickness  in  every  direction.  There  is  no  formation  of  arborescent  or 
loose  crystalline  growths  at  the  cathode  even  when  the  current  density 
is  as  high  as  100  amperes  per  square  foot.  The  deposited  gold  is  in 
fact  dense  and  coherent. 

The  distance  between  the  anodes  and  cathodes  need  not  be  greater 
than  about  3  centimetres,  and  there  is  then  no  danger  of  a  short  circuit 
oocurring  due  to  metallic  growths  on  the  cathodes.  It  is  a  curious  fact 
that  at  the  commencement  of  the  process,  whilst  the  electrolyte  is  a 
comparatiyely  pure  solution  of  auric  chloride  with  hydrochloric  add  or 
sodium  chloride,  the  cathode  deposit  is  looser  and  less  dense  than  it  is 
after  the  soluble  impurities  from  the  anode  have  impregnated  it  with 
chlorides  of  lead,  platinum,  etc.  Palladium,  however,  has  a  prejudicial 
effect  in  this  respect,  and  the  solution  must  not  be  permitted  to  contain 
more  than  5  g^rams  per  litre  of  this  metal.  At  the  starting  of  a  new 
bath  of  solution  it  is  on  this  account  usual  to  keep  the  anodes  and 
cathodes  farther  apart  than  the  3  cm.  prescribed  above,  and  the  refiner 
changes  the  anodes  more  frequently  in  order  to  avoid  the  danger  of  a 
short  circuit. 

The  electrolytic  tanks  employed  consist  of  porcelain  or  stone-ware 
vats,  upon  which  wooden  frames  are  supported  carrying  the  positive 
and  negative  copper  conducting  leads.  On  these  leads  there  are  resting 
copper  cross-bars,  about  nine  per  vat,  from  which  four  rows  of  anodes 
and  five  rows  of  cathodes  hang.  The  tanks  are  arranged  in  series. 
The  depositing  vats  in  the  Frankfort  Gk)ld  and  Silver  Refinery  in 
Hamburg,  where  a  current  density  of  95  amperes  per  square  foot  is 
employed,  have  an  output  of  1,650  lbs.  of  gold  per  24  hours  (that  is 
265*3  tons  per  year  of  360  days  of  24  hours  each),  and  yet  only  occupy 
an  area  of  64  square  feet.  (The  area  occupied  by  a  copper  refinery 
running  at  a  current  density  of  about  12  amperes  per  square  foot  of 
cathode  surface  for  a  similar  daily  output  is  about  581*9  square  feet. 
This  figure  refers  to  the  area  of  the  whole  works  at  Anaconda.  The 
vat  tpaee  at  Anaconda  for  the  same  output  is  182*  i  square  feet.  If,  how- 
ever, the  current  density  used  at  Anaconda  were  the  same  as  that  em- 
ployed in  the  Hamburg  Refinery,  namely,  95  amperes  per  square  foot, 
the  works  area  for  the  same  output  would  be  73*52  square  feet,  and  the 
area  of  the  vats  would  be  23  square  feet,  see  pp.  502  and  505.) 

The  impurities  prenent  in  the  anodes  partly  pass  into  the  solution 
and  partly  are  deposited  as  anode  sludge. 

The  anode  sludge  contains  all  the  silver  as  chloride  together  with 
about  ten  per  cent,  of  its  weight  of  gold.  The  gold  thus  deposited  in 
the  anode  sludge  is  in  the  metallic  state,  but  its  presence  is  not  due  to 
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the  mechanical  diBintcgration  of  the  anode.  Dr.  Wohlwill  finds  that  it 
has  quite  a  different  mechanical  condition  to  the  gold  of  which  the 
anode  is  formed,  and  he  considers  that  its  presence  is  due  to  the 
formation  of  aureus  chloride  at  the  anode,  which  aurous  chloride  is 
immediately  converted  by  a  secondary  reaction  into  auric  chloride  and 
gold,  thus  :^ 

3  AuCl  =  AuCla  +  2  Au, 

the  gold  being  precipitated  in  a  very  finely  divided  f  orm« 

A  high  current  density  at  the  anode,  and  a  high  temperature  of  the 
electrolyte,  are  unfavourable  to  the  f oimation  of  the  aurous  chloride, 
and  these  conditions  are,  therefore,  conducive  to  a  small  amount  of 
gold  present  in  the  anode  sludge,  and  must,  therefore,  be  as  far  as 
possible  attained.  With  a  current  density  above  136  amperes  per 
square  foot,  and  a  temperature  of  65°  to  70''  C,  the  gold  present  in  the 
anode  sludgpe  is  reduced  to  a  minimum,  whilst,  on  the  other  hand, 
with  a  cuixent  density  of  0'09  amperes  per  square  foot  apparently  only 
aurous  chloride  is  formed  at  the  anode  by  the  direct  action  of  the 
current,  a  correspondingly  large  amount  of  gold  appearing  in  the 
sludge. 

Bismuth  present  in  the  anode  is  converted  into  bismuth  oxychloride, 
and  if  sufficient  hydrochloric  acid  is  not  present  to  hold  it  in  solution  it 
is  precipitated  with  the  anode  sludge. 

The  greater  part  of  the  iridium  and  other  metals  of  the  platinum 
group,  except  platinum  and  palladium,  remains  undissolved  and  is 
precipitated  with  the  sludgy. 

The  lead  present  in  the  anodes  is  at  first  dissolved  in  the  solution  as 
lead  chloride  until  the  electrolyte  is  saturated,  when  it  crystallises  out 
with  the  sludge. 

If  a  large  amount  of  lead  is  present  in  the  bullion  anodes,  both 
electrodes  and  the  internal  surface  of  the  tanks  and  the  surface  of  the 
electrolyte  become  coated  with  crystals  of  lead  chloride,  and  it  is 
found  advisable  under  these  circumstances  to  avoid  the  inconvenience 
of  the  formation  of  these  coatings  of  lead  chloride  crystals  by  adding 
to  the  electrolyte  some  free  concentrated  sulphuric  acid  about  equal  in 
volume  to  the  hydrochloric  acid  present.  The  lead  then  forms  an 
insoluble  sulphate,  which  passes  into  the  anode  sludge.  If  the  anode 
bullion  is  rich  in  silver  or  lead,  or  both,  it  may  become  so  coated  with 
a  covering  of  silver  chloride  and  lead  chloride  or  sulphate  as  to 
seriously  interfere  with  the  electro-chemical  action,  and  under  these 
circumstances  the  anode  surface  must  be  kept  clean  by  an  automatic 
scraper,  which  comes  into  action  periodically,  at  intervals  depending 
upon  the  rapidity  with  which  the  coating  is  formed. 

Part  of  the  lead  and  bismuth,  and  all  the  platinimi  and  palladium, 
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pass  into  solution  as  chlorides,  but  they  are  not  precipitated  with  the 
goldy  and  indeed  their  presenoey  as  has  alreadj  been  stated  (with  Ihe 
exception  of  the  palladium,  which  nuat  never  reach  a  higher  Talue 
than  5  gfaxns  per  litre),  is  favourable  to  the  fonnation  of  a  denae 
and  pure  deposit  of  gold. 

The  platinum  is  recovered  from  the  electrolyte  from  time  to  time, 
when  sufficient  has  dissolved,  by  first  precipitating  the  gold  as  metallic 
gold  by  means  of  ferrous  sulphate,  and  then  the  platinum  as 
ammonium  platinum  chloride  by  adding  ammonium  chloride  to  the 
solution.  The  palladium  may  finally  be  precipitated  as  iodide  by  the 
addition  of  iodide  of  potassium. 

The  cathode  gold  obtained  has  a  fineness  of  over  999*8  parts  of  gold 
per  1000.  The  impurity  present  is  chiefly  silver,  a  small  amount  of  the 
anode  sUver  being  dissolved  in  the  hydrochloric  acid  or  alkaline  chlorides 
present  in  the  electrolyte. 

Potassium  chloride  is  said  to  be  inconvenient  for  use  itik^p^  of 
sodium  chloride  with  the  auric  chloride  electrolyte,  on  account  of  the 
precipitation  of  the  platinum  chloride  which  would  thereby  occur,  but 
it  appears  to  the  present  writer  that  this  might  probably  prove 
advantageous;  for  the  platinum  would  thereby  be  automatioally 
removed  into  the  sludgy,  and  could  be  easily  re-obtained,  when  desired, 
by  a  simple  treatment,  apparently  more  readily  than  by  the  method 
already  referred  to,  by  which  it  is  removed  periodically  izom.  the 
electrolyte. 

Clearly  the  fonnation  of  chlorides  by  the  impurities  in  the  anode 
bullion,  and  the  fact  that  only  gold  is  precipitated  at  the  cathode,  must 
gradually  render  the  electrolyte  weaker  and  weaker  in  auiio  chloride. 
This  reduction  of  the  amount  of  auric  chloride  present  is  made  good 
from  time  to  time  by  the  addition  of  fresh  amounts  of  this  salt  in 
solution. 

The  anode  sludge  is  collected,  drained,  and  washed  with  distilled 
water  from  time  to  time,  and  the  WBshings  from  the  sludge  are 
returned  to  the  electrolytic  vats  to  make  up  the  loss  of  water  whidi 
is  conBtantly  occurring,  due  to  the  high  temperature  at  which  the 
electrolysis  is  conducted. 

As  it  is  necessary  to  maintain  the  electrolyte  at  a  uniform  level, 
notwithstanding  the  loss  due  to  evaporation,  a  closed  reservoir  con- 
taining fresh  electrolyte  is  arranged  above  the  electrolytic  tanks,  and  is 
provided  with  two  long  tubes,  the  mouth  of  one  of  which  (A,  Fig.  143) 
passes  just  beneath  the  surface  of  the  solution  in  the  tanks,  and  the  mouth 
of  the  other,  B,  passes  from  the  bottom  of  the  reservoir  to  nearly  the 
bottom  of  the  electrolytic  vat.  Immediately  the  evaporation  of  the  elec- 
trolyte uncovers  the  mouth  of  the  first  tube,  air  passes  up  it  into  the 
resunoir,  and  liquid  flows  from  the  reservoir  down  the  second  tube  into 
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the  electrolytic  tank  until  its  level  rises  so  much  as  to  once  more  dose 
the  month  of  the  first  tube,  and  thus  stop  the  entry  of  the  air,  and 
therefore  the  further  flow  from  the  reserroir.  Fig.  143  shows  this 
arrangement  somewhat  diagrammatically. 

With  an  anode  o*  16  inch  thick,  and  a  current  whose  initial  density  is 
40  amperes  per  square  foot,  the  anode  is  so  far  consumed  in  twenty- 
four  hourH  that  the  remamder,  about  one-tenth  of  the  original  weight, 


Fig.  i43« 


can  be  removed,  washed,  remelted,  and  used  in  making  fresh  anodes. 
The  final  current  density  with  solutions  containing  a  satisfactory 
amount  of  foreign  salts  is  from  about  92  to  95  amperes  per  square  foot, 
and  the  voltage  required  at  this  current  density  is  I  volt. 

If  the  sodium  chloride  or  the  hydrochloric  acid  are  not  present  in  the 
electrolyte  chlorine  is  evolved  at  the  anodes,  and  very  little  gold  is 
dissolved.  This  fact,  ascertained  by  Dr.  Wohlwill,  is  somewhat 
surprising,   and   this  gentleman    has  shown    that  undoubtedly  the 
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compound  which  is  really  decomposed  electrolytically  in  this  piocen 
is  a  double  salt  of  auric  chloride  and  sodium  chloride,  or  auric  chloride 
and  hydrogen  chloride,  as  the  case  may  he,  and,  in  short,  may  be  aoy 
compound  of  the  f  oim 

AuCHaMCa, 

where  M  is  any  monovalent  radical  such  as  Na,  H,  K,  etc. 

Finally,  Dr.  Wohlwill  has  shown  that  if  low  current  density  is 
employed  a  larger  weight  of  gold  is  deposited  at  the  cathode  per 
ampere  hour  than  if  greater  current  denudes  are  employed.  This  he 
finds  to  be  due  to  the  fact  that  with  low  current  densities  we  have  to 
deal  with  aureus  compounds,  whilst  with  high  current  densities  auric 
compounds  with  only  one-third  of  the  electro-chemical  equivalent  aie 
being  treated.  It  would  therefore  appear  at  first  sight  that  it  might 
be  preferable  to  work  at  low  current  densities,  but  there  are  two 
reasons  against  this ;  one  is  that  when  low  current  densities  are 
employed  and  aureus  chloride  is  formed,  a  far  larger  amount  of  gold  is 
precipitated  with  the  anode  sludge,  as  has  already  been  explained;  and 
the  second  reason  is  that  the  low  current  density  would  neoestdtate  the 
locking  up  of  an  unnecessarily  large  weight  of  gold  in  the  anodes  and 
cathodes,  for  a  given  output  of  gold,  thus  increasing  the  cost  of  refining. 

The  weight  of  anode  and  stock  gold  employed  at  Hamburg,  at  the 
current  density  of  92  amperes  per  square  foot,  is  from  about  i^  to  jig 
of  the  weight  of  the  annual  output  of  the  refinery.* 

Dr.  WohlwiU's  gold  bullion  refining  process  is  employed  com. 
mercially  at  the  Frankfurter  Gold  und  Silber  Scheide  Anstalt  in 
Hamburg,  where  the  output  is  265*3  ^^^  P^  annum,  and  also  at  the 
U.  S.  Mint,  Philadelphia,  Pa.,  where  the  estimated  daily  output  is 
1,000  oz.  troy  (=  1 1*04  tons  per  annum).  The  process  here  installed 
is  the  Wohlwill  process  slightly  modified  by  Dr.  D.  K.  Tuttle  and 
Mr.  H.  J.  Schlaeker. 

The  English  patent  for  Dr.  "Wohlwiirs  process  is  No.  7,783,  1896. 

The  fact  that  this  process  involves  practically  no  cost  in  acid,  and 
also  that  it  has  been  so  recently  adopted  by  the  U.S.A.  Mint  after 
careful  inquiry,  points  to  the  fact  that  it  must  entirely  supersede  the 
older  chemical  acid  parting  methods  of  bullion  refining. 

BLoetrolirtle  Beoorory  of  Odd,  Silver,  ete.,  firom  OomplMc 
Alloys. — A  very  large  quantity  of  low-grade  gold  and  silver  alloys  is 
employed  in  jewellery  and  other  metal  plate  work,  and  the  precious 
metals,  and  indeed  the  copper,  may  be  profitably  recovered  by  electro- 

*  The  weight  of  copper  in  stock  at  Anaconda  in  the  form  of  anodes 
is  about  10*85  po^  cent.,  and  as  cathodes  and  stock  anodes  is  about  3*5 
per  cent,  of  the  total  annual  output  of  the  refinery,  that  is  a  total  of 
about  14*5  per  cent.    (See  p.  507  and  p.  509. 
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IjrsiB  irum  miscellaneous  scraps  and  cuttings,  and  from  old  or  damaged 
articles  made  of  these  complex  alloys.  The  ordinary  Mobius  silver 
refining  process  is  not  suited  to  this  type  of  work,  for  the  electrolyte 
becomes  rapidly  loaded  with  copper,  zinc  and  nickel  salts,  the  copper 
especially  tending  to  become  precipitated  with  the  silver  at  the  cathode, 
and  in  such  cases  it  is  advisable  to  employ  the  electrolytic  process  which 
has  been  successfully  employed  at  Pforzheim,  in  the  Gold  und  Silber 
Scheide  Anstalt  there,  ever  since  1893.  This  process  is  described  by 
A.  Dietzel  {Zeitsehrift  fur  £lektroeheinie,  vol.  6,  pp.  81-85,  J*^y  27th, 
1899.  An  abstract  of  this  paper  appears  in  Science  AbstraetSy  vol.  2, 
1899,  p.  776).  The  alloys  which  are  treated  at  Pforzheim  consist  of  cut- 
tings from  various  sources,  and  the  average  composition  is  as  follows  :— 

Gold      •        .        ,        .        ,        •  .  5  to    7  per  cent. 

Silver   .        .        .        .        .        .  .  22  to  50 

Copper .  40  to  65 

Lead,  Zinc  and  Tin     •        .        •  •  About  5 


•I       »i 


II       It 


Whilst  traces  of  cadmium,  iron,  nickel  and  platinum  are  also  present. 

The  electrolyte  which  is  employed  is  a  solution  of  copper  nitrate ; 
the  copper  and  nickel  pass  into  solution  and  the  copper  is  deposited 
electrolytically  at  the  cathode,  but  the  silver  remains  in  solution  and  is 
deposited  subsequently  by  chemical  means  outside  the  electrolytic  vat. 
The  electrolyte  must  be  maintained  acid  by  the  addition  of  nitric  add. 
(Presumably  this  is  to  prevent  the  co-deposition  of  the  silver  with  the 
copper,  and  it  is  rather  astonishing  that  in  any  case  this  does  not  take 
place  to  an  inconvenient  extent.)  The  chemical  method  of  removing 
the  sUver  from  the  electrolyte  from  time  to  time  consists  in  shaking  up 
the  electrolyte  in  special  cylinders  filled  with  scrap  copper,  which  dis- 
places the  silver  by  chemical  substitution.  The  silver  in  solution  can 
be  reduced  to  0*03  per  cent,  by  this  means.  The  iron  in  the  solution 
is  removed,  or  rather  is  partially  removed,  by  aeration  and  filtration. 
The  insoluble  anode  sludge  contains  gold,  silver,  platinum,  copper, 
tin  and  lead,  and  is  treated  by  chemical  methods  for  the  recovery  of 
the  gold.  It  is  stated  that  under  favourable  working  conditions  the 
value  of  the  copper  deposited  in  the  electrolytic  vat  covers  the  whole 
cost  of  the  process.  Zinc,  aluminium,  cadmium  and  nickel  when 
present  in  the  alloys  pass  into  solution  with  the  copper  and  silver;  and 
as  these  impurities  cannot  be  removed  economically,  the  electrolyte 
becomes  in  time  surcharged  with  impurities  and  has  to  be  discarded. 
The  apparatus  employed  at  Pforzheim  is  fully  described  and  illustrated 
in  the  original  paper.  About  120  to  130  pounds  avoirdupois  of  alloy 
are  treated  daily  in  the  refinery. 

Blttctrolytic  SilTer  K«llnlns.— '<  It  has  been  truly  said  that  indus- 
trial electro-ohemistry  and  electro-metallurgy  are  rich  in  resurrections 
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of  forgotten  processes  "  (J.  B.  0.  Kershaw,  EUetridan,  vol.  38,  p.  605), 
and  in  illnstration  of  this  remark  the  writer  pointed  out  that  B^n^liah 
Patent,  13,755,  1851,  by  Watt,  describes  a  method  of  electrolytio 
silver  refining  whioh  is  essentially  the  process  which  is  the  moat 
suooeesfolly  employed  on  a  commercial  scale  at  the  present  day. 

This  sncoessf nl  electrolytic  silver  refining  process  is  that  patented 
by  Mobius  (English  Patent,  16,554,  Dec.  i6th,  1884).    This  process 
consists  essentially  of  employing  anodes  of  impure  silver,  containing 
abont  95  per  cent,  of  metalHo  ulver,  in  a  bath  of  dilute  nitrio  add, 
the  silver  is  deposited  upon  sheet  silver  cathodes  in  the  form  of  loosely 
adherent  crystals,  the  current  density  employed  being  as  high  as  possi- 
ble without  producing  inconvenient  heating  of  the  electrolyte.     The 
current  density  employed  at  the  works  of  the  St.  Louis  Smelting*  and 
Refining  Company  is  stated  to  be  rather  over  32  amperes  per  square 
foot  of  cathode  surface  (C.  Schnabel,  "Abstracts  Proo.  Inst.  0.  £./' 
vol.  116  [ii]  1894,  p.  86-87).    At  the  St.  Louis  works  the  silver,  which 
contains  28*8  grains  of  gold  per  lb.  troy  (a=5  parts  per  thousand), 
is  cast  into  plates  measuring  10  inches  by  8  inches  and  2}  inches 
thick.    Two  sach  plates  placed  together  in  a  linen  bag  form  one 
anode,  and  for  a  cathode  a  rolled  plate  of  fine  silver  is  employed. 
The  dissolving  vessels  are  pitch  pine  vats,  each  divided  into  7  cells 
and  rendered  impermeable  to  the  electrolyte  by  a  coating  of  faitn- 
mon.    Each  cell  contains  10  pairs  of  electrodes,  the  plates  in  one 
cell  are  in  parallel,  whilst  the  cells  are  arranged   in    series   and 
10  vats  containing  70  cells,  arranged  in  series,  require  100  volts 
at  a  current  density  of  32  amperes  per  square  foot,  that  is  about 
1*5  volts  per  cell.*    The  anodes  are  completely  dissolved  in  from 
30  to  40  hours.    The  electrolyte  used  in  the  first  instance  is  water 
containing  one-tenlli  per  cent,   of  nitrio  acid,   and  as  the  process 
progresses  the  nitric  acid  strength  of  the  solution,  which  is  reduced 
by  the  formation  of  cuprio  nitrate,  is  kept  up  by  the  addition  of 
a  very  weak  solution  of  silver  nitrate.    The  reduced  silver  separates 
in  a  crystalline  form  shooting  across  from  the  cathode  to  the  anode, 
so  that  short  circuiting  would  frequently  occur  if  it  were  not  that 
the  loose  crystalline  deposit   of  silver  on  the  cathode  is  scraped 
off  at  intervals.    The  deposited  silver  so  removed  falls  to  the  bottom 
of  the  bath  into  boxes  with  double  bottoms  perforated  and  covered 
with  linen,  for  collecting  the  precipitate  whioh  is  removed  onoe 
a  day.    It  is  then  washed,  pressed,  dried,  and  melted.    The  finely 
divided  gold  is  kept  back  in  the  linen  anode  bags,   where  it  is 
allowed  to  accumulate  for  a  week  before  cleaning  out.    The  gold 
is  then  boiled  with  nitric  acid,  washed,  dried,  and  melted  with  a  little 


*  The  current  is  supplied  by  a  100  volt,  200  ampere  dynamo. 
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Band  or  borax  and  yields  a  bullion  999  fine.  The  siIvbt  orystalB,  after 
washing  and  drying,  are  found  to  be  free  from  gold,  and  assays  999*5 
fine.  The  silver  nitrate  obtained  from  the  final  treatment  of  the 
gold  is  used  to  keep  np  the  strength  of  the  bath  as  described  above. 
At  the  St.  lionis  works  30,000  ounces  of  silver  are  parted  by  this 
method  daily,  and  at  Pittsburg  a  still  largfer  plant  of  40,000  ounces 
capacity  is  in  use.  At  the  latter  place  the  finely  divided  gold  is  melted 
with  a  small  quantity  of  silver  before  being  subjected  to  the  final 
boiling  with  nitric  acid,  this  is  no  doubt  to  facilitate  the  nitric  acid 
parting. 

Mobius  states  that  it  is  necessary  that  nitrate  of  copper  should  be 
in  the  electrolyte  to  ensure  that  all  the  lead  present  in  the  anodes  may 
be  converted  into  peroxide.  The  linen  bags  which  surround  the 
anodes  are  saturated  with  coal  oil,  linseed  oil,  and  paraffin,  in  order 
to  protect  the  fibre  from  the  action  of  the  dilute  nitric  acid.  Under 
these  conditions  they  are  very  little  affected. 

The  anode  precipitate  contained  in  the  linen  bags  round  the  anodes 
contains  all  the  gold,  platinum,  lead  (as  lead  peroxide),  and  antimony, 
and  frequently  some  silver  as  peroxide.  The  copper,  zinc,  and  iron 
accumulate  in  the  electrolyte,  and  when  the  copper  becomes  too  con- 
centrated it  is  removed  from  the  solution  by  passing,  firstly  a  feeble 
current  with  carbon  anodes,  by  means  of  which  the  silver  is  removed 
from  the  solution,  and  then  the  silver  cathode  is  replaced  by  a  copper 
one,  and  the  whole  of  the  copper  is  deposited  from  the  solution  as 
a  powdery  crystalline  precipitate  upon  the  cathode  by  means  of  a 
current  of  high  density.  The  liquid  thus  nearly  or  completely  freed 
from  copper  is  then  used  once  more,  either  for  making  up  new 
electrolyte  or  for  replacing  liquid  lost  by  evaporation  in  the  course 
of  the  process. 

In  silver  and  in  gold  refining  by  electrolysis  it  is  desirable,  on 
account  of  the  high  price  of  the  metal  under  treatment,  that  the 
weight  purified  per  diem  should  be  as  large  as  possible  for  a  plant 
of  a  g^ven  size;  it  is,  moreover,  quite  unimportant  in  what  state 
of  cohesion  the  metal  is  deposited,  for  both  gold  and  silver  can  be 
readily  melted  down  without  loss  or  any  other  inconvenience,  even 
when  they  are  in  a  very  fine  state  of  division.  This  peculiarity  is  due 
to  the  fact  that  oxygen  does  not  act  upon  them  when  in  the  melted 
state,  a  characteristic  which  is  not  shared  by  the  other  metals  which 
are  more  usually  met  with.  In  devising  his  process  Mobius  recog- 
nised this  fact,  and  therefore  employed  the  high  current  density  stated, 
and  arranged  that  a  mechanical  device  to  scrape  off  the  precipitated 
silver  on  the  cathodes  should  act  at  short  intervals  in  order  to  prevent 
the  dangler  of  a  short  circuit  caused  by  the  silver  crystals  from  the 
cathode  bridging  across  to  the  anode.     In  the  latest  form  of  this 
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silver  purification  pioccss,  however,  MUbins  employed  a  moving  euu 
tinuous  band  of  silver  as  a  cathode,  which,  passing  through  the  elec- 
trolyte, received  a  deposit  of  silver  crystals,  and  then,  as  it  moved  ont 
of  the  solution,  it  passed  under  scrapers  outside  the  vats,  which  re- 
moved the  silver  deposit  from  it.  When  this  modification  of  Mobius' 
patent  was  first  employed  at  Perth  Amboy  it  was  a  failure,  and  was 
finally  abandoned,  chiefly  on  account  of  the  difficulty  of  sati^actorily 
scraping  off  the  adhering  silver  deposit  from  the  moving  cathode  belts, 
but  by  oiling  the  belts,  a  device  of  Mr.  Q-.  Nebel,  it  was  found  that 
the  dose  adherence  of  the  silver  deposit  to  the  cathode  was  much 
reduced,  and  that  the  crystals  might  then  be  readily  scraped  off. 
The  silver  cathodes,  whether  in  the  form  of  plates  or  belts,  must  be 
removed  from  the  electrolyte  when  the  current  is  not  passing,  or  they 
will  be  found  to  gradually  dissolve.  (Titus  Ulke,  EUetrieian^  vol.  46, 
1901,  p.  583.) 

A  further  description  of  the  Mobius  process,  as  conducted  in  188S, 
is  given  by  Gourtenay  De  Kalb  (Eng.  and  Mm.  Journ,,  vol.  45, 
p.  452),  an  abstract  of  which  I  quote  here  {Journ.  Soe.  Chem,  Ind,^ 
vol.  7,  1888,  p.  571)  : — 

**  The  Mobius  process  for  separating  gold  and  silver  has  now  been 
put  into  practical  operation  and  with  excellent  results.  A  small  plant 
has  been  erected  in  Kansas  City,  and  another  in  the  Pennsylvania 
Lead  Company's  Works  near  Pittsburg.  Twenty  thousand  ounces 
of  silver  bullion  are  being  refined  daily,  and  the  prodiict  is  said  to  be 
the  best  ever  offered  to  the  United  States  Mint  in  Philadelphia,  the 
bars  running  from  999  to  999*5  fine.  H.  G.  Toney  has  secured  the 
patent  rights  for  New  York  City.  The  success  of  the  method  has 
there  received  fresh  demonstration,  one  lot  of  1,000  ounces  having 
turned  out  1,000  fine.  Kefiuing  by  this  method,  it  is  said,  can  be 
done  in  New  York  for  three-fourths  of  a  cent  per  ounce  (that  is,  £56 
per  ton),  whilst  the  minimum  charge  that  will  leave  a  profit  to  the 
refiner  using  other  methods  is  one  cent  per  ounce." 

The  principle  upon  which  the  process  depends  is  that  when  silver 
to  be  refined  is  made  the  anode  in  a  weak  nitric  acid  bath,  the  silva 
will  puss  into  solution  as  nitrate  through  the  action  of  an  electric 
current  from  a  dynamo,  and  will  be  re-deposited  in  the  metallic  state 
upon  a  silver  plate  which  constitutes  the  cathode.  In  practice  the 
bullion  is  cast  in  plates  \  inch  thick  and  about  I4  inches  square. 
These  plates  are  inserted  into  muslin  bags  intended  to  retain  the 
anode  deposit.  The  plates  in  the  bags  are  suspended  in  the  tank  of 
acid  from  copper  rods.  Alternating  with  these  are  the  silver  plates 
for  the  deposition  of  the  refijied  silver.  The  current  employed  is  150 
amp&res.  One  volt  is  required  per  tank.  The  tanks  can  be  arranged 
in  series  or  in  parallel  at  will.    In  each  tank  is  a  tray  for  catching 
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the  silver  as  it  is  scraped  from  the  cathodes  hy  automatic  bmshes, 
which  move  constantlj  backwards  and  forwards  across  the  plate, 
thns  prerentiiig  the  silver  from  accumulatiDg.  For  convenienoe  in 
cleaning  the  trays,  they  are  arranged  so  that,  after  the  electrodes  have 
been  removed,  they  may  be  lifted  oat  of  the  tanks,  and  the  bottom  of 
each  tray  is  divided  in  the  middle  and  hinged  to  the  sides  of  the  frame 
of  the  tray,  so  that  upon  removing  a  silver  pin  these  sections  swing 
down  and  oatwards,  dropping  the  silver  into  receptacles  placed  to  re- 
ceive it.  The  electrolyte  contains  no  more  than  one  per  cent,  of  nitric 
add,  and  will  not  for  a  very  considerable  period  produce  any  notice- 
able effect  upon  the  muslin  bags.  Under  the  influence  of  the  electric 
current  the  silver  rapidly  dissolves,  and  any  copper  in  the  bullion 
dissolves  also,  but  remains  in  solution. 

In  a  paper  on  "  Electrolytic  Copper  Refining  in  Korth  America," 
by  Sederholm  {Tekniak  Tidtkrift  Afdeler  for  Kemiseh  Metallurgi^ 
1S95,  I.,  and  Ding,  Polyt,  Journ.,  1895,  vol.  296,  pp.  284-288  ; 
abstracted  in  the  Joum.  Soe.  Chem.  Ind.j  vol.  14,  1895,  p.  756),  it  is 
stated  that  the  crude  silver  obtained  from  the  anode  slimes  by  smelting 
(see  p.  542)  is  a  metal  containing  from  60  to  90  per  cent,  of  silver. 
It  is  cast  into  anodes  and  refined  by  Mobius*  method.  At  the  St. 
Louis  Smelting  and  Refining  Company  and  at  another  large  Pittsburg 
works  using  the  Mobius  process  aluminium  wire  is  used  to  suspend  the 
anodes  in  the  dilute  nitric  acid  electrolyte,  and  it  is  said  that  the 
iluminium  is  not  attacked.  At  the  St.  Louis  works  70  silver  refining 
vats  are  stated  to  be  connected  in  series  and  a  current  of  180  amperes 
sent  through  them,  the  voltage  required  being  100  volts.  Fourteen 
kilos  (30*8  pounds)  of  silver  are  yielded  from  each  vat  in  twenty-four 
hours,  giving,  therefore,  a  total  output  of  980  kilos,  per  diem,  that  is, 
2, 156  pounds  avoirdupois  or  nearly  one  long  ton.  The  current  density 
employed  at  this  voltage  of  100  for  70  vats  is  stated  to  be  300  amperes 
per  square  metre,  that  is,  rather  under  28  amperes  per  square  foot. 

A  more  recent  description  of  Mobius'  process,  as  practised  at  the 
Pennsylvania  Lead  Company's  Works,  was  published  by  G.  Faunoe 
{Oest&rr.  ZeiU.  fur  Berg*  und  Huttmw.^  1896,  vol.  44,  p.  30),  and  the 
following  abstract  of  this  paper  is  taken  from  the  Journal  Soe.  Chom. 
Ind.f  vol.  15,  1896,  p.  361  : — 

The  silver  to  be  refined  is  first  treated  by  ordinary  well-known 
metallurgical  processes  to  reduce  the  quantity  of  other  metals  present, 
such  as  lead,  copper,  bismuth,  etc.,  to  at  most  about  two  per  cent.  It 
is  then  cast  in  sheets,  measuring  about  18  X  10  X  i  inches,  and 
weighing  28*5  to  33  pounds  each.  These  plutes  serve  as  anodes. 
The  cathodes  are  formed  of  thin  rolled  sheets  of  pure  silver  13  X  22 
inches  in  sire.  The  electrolyte  is  a  solution  of  the  nitrates  of  copper 
and  silver,   to  which  0*5  to  I  per  cent,  of  nitric  acid  is  added  to 
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prevent  the  deposition  of  the  copper.  Four  cathodes  and  three 
anod<>8  are  placed  in  each  cell,  wiih  a  diatanoe  of  nearly  two  inches 
between  the  cathodes  and  anodes.  The  anodes  are  enclosed  in  muslin 
bags  for  the  purpose  of  intercepting  the  undissolved  matters  which  full 
from  them  as  the  action  proceeds.  These  consist  of  gold,  bismuth,  the 
principal  portion  of  the  lead  as  dioxide,  and  a  little  silver  and  copper. 

A  sheet  of  woollen  cloth  stretched  on  a  frame  near  the  bottom 
of  each  cell  catches  the  silver  as  it  is  removed  from  the  cathodes 
by  a  mechanically  moved  wooden  scraper. 

The  current  density  employed  is  i8  amperes  per  square  foot  of 
cathode  surface. 

The  silver  is  collected  from  each  cell  at  intervals  of  two  days,  the 
gold  once  a  week.  The  silver  is  washed  with  water  and  then  melted 
in  graphite  crucibles  capable  of  holding  nearly  1,300  lbs.  eaoh,  and  is 
thus  obtained  of  a  fineness  of  999  to  999*5. 

The  residue  of  gold,  etc.,  after  being  melted,  granulated,  and 
treated  with  acid,  g^Tes  gold  of  a  fineness  of  996  tq  998. 

In  conducting  this  process  the  writer  states  that  care  must  be  taken 
that  the  amount  of  copper  in  the  electrolyte  does  not  exceed  4  to  5  per 
cent  ,  for  otherwise  the  silver  is  not  obtained  in  a  pure  state. 

Titus  Ulke  states  that  the  cost  of  parting  Dor6  silver  by  the  MoUus 
electrolytic  process,  with  careful  management,  should  not  exceed  20 
to  30  cents  per  loo  ounces  (that  is,  £15  to  £22  per  ton),  {Eleetrician, 
vol.  46,  p.  583,  1901)*;  whilst,  as  has  already  been  stated,  C.  De 
Ealb  gives  three-quarters  of  a  cent  per  ounce  (£56  per  ton)  as  being 
the  price  at  which  the  electrolytic  refining  by  this  process  was  carried 
out  in  New  York  in  1888  ;  refining  by  non-electrical  methods  being 
stated  to  cost  at  least  one  cent  per  ounce,  or  £70  per  ton. 

The  following  table,  given  by  Titus  Ulke,  gives  details  of  all  the 
electrolytic  silver  refineries  in  the  United  States  operated  in  1900 : — 

Electbolytic  Silver  Refineries  in  the  United  States 

Operated  in  igoo. 


No. 

Name  of  Company  aud              Material 
location  of  Works.                    treated. 

E-itimated  daily  output. 

100,000  ounces  troy 

=  »  tons 
35,000  ounces  troy 

—  •  tons 
25,000  ounces  troy 

=  •     tons 

I 
2 

3 

Guggenheim    Smelting 
Co.,  Perth  Amboy,  N.J. 
Pennsylvania  Lead  Co., 

Pittsburg,  Pa. 
Globe      Smelting     and 

Befining  Co.,  Denver, 

Colorado 

Dore  bullion 
Dore  bullion 
Dore  bullion 

*  See  also  Elect.  Bev.y  New  York,  vol.  38,  1901,  p.  85  and  pp.  101-103. 
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AlUioiigli  'ntna  Ulke  Btstea  that  Oustave  Nebel  find  HUggested  the 
derioa  dt  oiling  Uie  oathode  traTelliiig;  silTor  band  to  prerent  the  adhe- 
Hon  at  the  direr  c97BtalB  to  it,  and  thoa  permit  their  eai^  removul  hj 
a  wraper  {he.  ril.),  yet  tliere  appean  to  he  a  little  nnoertaisty  aa  to 
the  precise  waj  in  whioh  this  improvemeiit  waa  inttodooed  ;  beoanse 
HiibiuB'  patent  for  the  moTin^  band  cathode  is  dated  1895,  while  the 
derioe  of  oOing  the  stationarj  oathode  is  deaoiibed  in  the  189a  edition 


o[OoTc'B"Electrol^ic  Separation  of  Metals,"  p.  i40,whereitisitated 
that  ' '  the  oathodes  are  made  of  sheet  ailver  slightly  oiled  to  prevent 
adhesion  of  the  deposited  metal."  I  have  not  been  able  to  see  a 
patent  on  this  point  either  by  Mobiua  or  by  Q,  Nebel,  and  it  is  a 
matter  of  some  interest. 

The  ofBcial  abstract  of  Miibius*  Srat  patent  (EngliBh  Patent  16,554, 
1S84)  is  as  tollowi : 
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'*  Silver,  etc. — refining ;  gold,  etc. — obtaining ;  electrodes ;  elec^o- 
Ijtes. — Relates  to  an  electrolytic  process  for  refining  silyer,  etc.  The 
metal  to  be  refined  is  cast  into  blocks  A,  Fig.  144,  fixed  to  eross-bars 
resting  on  longitudinal  bars  which  may  be  raised  or  lowered.  Then 
form  the  anodes.  The  cathodes,  in  the  case  of  silver,  consist  of  silvered 
copper  plates  B.  These  anodes  and  cathodes  are  suspended  from 
rollers  N  so  that  they  can  be  raised  from  the  troughs  H,  which  contain 
the  solution.  Each  anode  is  encloped  in  a  bag,  the  whole  series  of 
electrodes  {anodes  and  cathodes. — A.P.)  being  enclosed  in  a  larger  bag. 
These  contain  the  metals,  etc.,  which  drop  from  the  plates. 

"The  liquid  in  the  vessels  is  agitated  by  bent  strips  of  metal  to  equalise 
the  densities  (of  the  solution. — A.P.)  at  different  levels  and  prevent 
local  action.  The  electrodes  are  provided  with  brushes  Q3  on  each  side 
to  remove  all  deposits.  The  solution  ordinarily  consists  of  silver  and 
copper  nitrates  and  nitric  acid,  the  copper  being  required  to  cause 
the  lead  present  to  be  deposited  on  the  anode  as  peroxide  along  with 
gold,  platinum,  and  other  metals  which  may  be  present.  The  ions 
{cryttalB  of  silver  and  anode  slime  P — ^A.P.),  are  removed  by  the 
brushes,  and  fall  into  the  separate  bags.  Any  copper  which  may 
have  been  deposited  with  the  silver  at  the  cathode  is  re-dissolved  by 
the  add  solution.  The  contents  of  the  gpold  bag  are  treated  for  the 
separation  of  the  metals.  The  excess  of  copper  is  removed  from 
the  exciting  liquid  in  the  battery  by  first  suspending  copper  plates, 
etc.,  in  the  solution  (whereby  the  silver  remaining  is  deposited)  and 
then  precipitating  the  copper  by  an  electric  current." 

The  abstract  of  Mobius'  second  patent  (English  Patent  469,  Jan. 
8th.  1895)  is  given  in  the  Journal  of  the  Soeiety  of  Chemical  Industry 
(vol.  14,  p.  371)  as  follows : 

'*  Improvements  in  method  of,  and  apparatus  for,  separating  metals. 
B.  Mobius,  New  York,  U.S.A. 

**  Between  two  rollers  placed  horizonally  beneath  the  surface  of  the 
electrolyte  is  stretched  an  endless  band  of  silver  sheet  which  is  kept 
in  constant  movement  by  turning  the  rollers.  Horizontal  trays, 
having  porous  bottoms,  are  plaood  just  above  the  horizontal  top  sur- 
face of  the  silver  band,  and  contain  the  bullion  to  be  treated.  The 
bullion  is  made  anode  and  the  silver  band  cathode.  A  second  end- 
less band  of  rubber,  cloth,  canvas,  or  other  material  is  stretched 
between  a  roller  beneath  the  liquid  and  another  placed  above  it  and 
beyond  the  end  of  the  bath :  when  both  bands  are  in  movement  the 
latter  presses  on  the  silver,  where  it  passes  round  one  roller,  and 
rubbing  off  the  loose  crystalline  dex>08it,  carries  it  beyond  the  tank 
and  deposits  it  in  a  special  receptacle.  A  strong  bath  of  sodium 
or  potassium  nitrate  is  preferred,  with  sufficient  acid  to  keep  some 
silver  and  all  the  copper  in  solution.     A  current  of  small  electro* 
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motiTO  force  is  used  (whateinr  that  may  mean,  prtaumahly  that  the  voU* 
required  per  tank,  at  the  current  deneity  employed,  are  not  high, — ^A.r.). 
The  nlver  ooUeoted  is  ready  for  the  melting  pot,  the  gold,  platinum, 
and  lead  remaining  in  the  porous  trays.  The  movement  of  the 
cathode  and  its  constant  cleaning  by  friction  with  the  rubber  band 
prevent  crystalline  growths  and  consequent  short  circuiting." 


PF 


CHAPTER  V. 

THE  ELECTROLYTIC  TREATMENT  OF  TIN. 

The  Electrolytic  Refining  of  Tin.— The  Becovery  of  Tin  from  waste  Tin 
Plate  by  Acid  Processes.— The  Recovery  of  Tin  from  waste  Tin  Plate  by 
Alkaline  Processes. — Properties  of  Iron  contaminated  with  Tin*— Co»t 
of  old  and  new  scrap  Tin  and  Quantity  Available. 

The  Btoetrolytle  Baflnliiff  of  Tin.— It  is  stated  that  Heesis. 
Bolton,  at  Froghall,  Staffordshire,  have  lefined  tin  electrolyticalJy 
for  several  years  bv  a  process  similar  in  principle  to  that  in  general 
use  for  the  electrolytic  refining  of  copper.  The  tin  is,  however, 
deposited  in  the  form  of  coarse  crystals,  and  is  remelted.  (J.  B.  C. 
Kershaw,  The  J^lretrieian,  1897,  vol.  38,  p.  693.)  The  details  of 
this  refinery  have  not  been  published.  The  cost  of  refining  cannot 
well  be  less  than  about  £3  per  ton,  and  it  does  not  seem  probable 
that  such  a  method  of  refining  can  be  economically  snocessfol  on  any 
larg^  scale,  unless  it  becomes  apparent  that  there  is  a  corresponding 
opening  for  specially  pure  metal.  At  present  no  such  opening  exists 
in  so  far  as  I  am  aware.  The  refined  tin  referred  to  above  is  stated  by 
Kershaw  to  bo  used  in  Messrs.  Bolton's  wire  factory,  whether  for 
coating  iron  or  copper  wire,  or  whether  for  making  tin  wire  for  fuses 
is  not  stated. 

It  was  due  to  the  fact  that  a  g^at  increase  in  the  conductivity  ci 
ordinary  copper  was  found  to  be  caused  by  the  removal  of  very  small 
quantities  of  impurities  from  it  that  enabled  a  high  price  to  be  paid  for 
specially  purified  copper  for  electrical,  and  chiefly,  in  the  first  place, 
for  telegraphic  purposes,  and  thus  the  electrolytic  refining  industry 
became  possible,  an  industry  which  has  to-day  reached  such  enormous 
proportions.  It  docs  not  seem  at  present  in  any  way  probable  that  a 
sufiEiciently  high  price  can  ever  be  offered  for  speciidly  refined  tin  to 
render  its  electrolytic  refinement  a  paying  industry. 

Tlie  BAcovcry  of  Tin  ftom  Tin  Plat^. — The  problem  of  the 
successful  recovery  of  the  metallic  tin  from  scrap  tin  has  long  possessed 
a  great  fascination  for  the  inventor,  and  since  1857  no  less  than  50 
to  60  English  patents  have  been  taken  out  on  this  subject.  The 
difiiculties,  however    are  considerable,  and  are  unexpected  in  their 
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natuie.  Tin  plato,  the  maniifactaro  of  which  consnmes  the  gp^ater 
part  of  the  world's  tin  output  at  the  present  time,  contains  from  3  to  9 
per  cent,  of  metallic  tin,  coyering,  with  or  withont  an  admixtnie  of 
lead,  the  surface  of  wrougrht  iron  plates.  Dr.  J.  H.  Smith  states 
that,  out  of  a  largo  number  of  samples  of  tin  plate  which  he  examined, 
the  above  figpures  represented  the  amounts  of  tin  present,  and  he  found 
that  on  the  average  the  tin  plates  contained  5  per  cent,  by  weight  of 
metallio  tin.  The  recovery  of  tin  from  tin  plates  can,  perhaps,  only  be 
considered  as  a  process  of  refining  tin  by  a  stretch  of  the  imagination, 
yet  it  is  the  only  process  for  preparing  tin  by  electrolysis  which  has 
had  'any  commercial  success,  and  it  will  be  considered  here.  The  raw 
materiaJ  for  this  industry,  namely,  scrap  tinned  plates  and  old  broken 
tins,  exists  in  enormous  quantity.  It  is  reckoned  that  in  Paris  alone 
3,000  tons  of  tinned  iron  scrap  cuttings  are  produced  per  year 
(J.  H.  Smith,  Joum.  Soe.  Chem,  Jnd.,  1885,  vol.  4,  p.  312).  The 
cost  of  collection  and  supply  of  this  waste  tinned  iron  is  in  many  cases, 
however,  very  high. 

In  the  discussion  on  Dr.  Smith's  paper  referred  to  above,  Mr. 
€kitheral  stated  that  the  mere  cost  of  collection  of  the  waste  tins  in 
England  was  often  as  high  as  from  25  to  30  shillings  per  ton,  whilst 
to  this  amount  the  cost  of  the  carriage  to  the  electrolytic  works  must 
presumably  be  added,  and  this  latter,  on  account  of  the  bulky 
nature  of  the  material,  must  be  somewhat  high ;  this  means  that  if  the 
tinned  iron  collected  contains  5  per  cent,  of  metallic  tin — that  is  one 
hundredweight  of  tin  per  ton  of  scrap — and  with  tin  at  £79  per  ton  (this 
was  its  price  in  1885,  the  date  of  the  paper),  the  cost  of  collection  and 
delivery  cannot  at  most  leave  more  than  £2  3s.  per  ton  to  pay  the  cost 
of  the  electrolytic  recovery.  The  tinned  scrap  obtained  by  Dr.  Smith, 
however,  only  cost  2  francs  per  ton,  and  this  allowed  of  over  £3  i6r. 
per  ton  to  pay  the  cost  of  treatment.  (For  further  remarks  upon  the 
price  of  tin  scrap  and  cost  of  collection,  see  p.  593  of  this  volume.) 
It  must  be  added  that  the  very  high  price  of  tin  at  present  (1901), 
over  £116  per  ton,  would  apx>ear  to  offer  a  particularly  favourable 
condition  for  the  undertaking  of  this  process  ;  for  the  value  of  the  tin 
in  a  ton  of  the  scrap  is  probably  on  the  average  over  £6.  The  fact, 
however,  that  the  price  of  tin  fluctuates  a  good  deal,  probably 
due  to  market  manipulations,  would  necessitate  some  careful  con- 
sideration before  embarking  upon  an  undertaking  for  recovering  tin 
from  scrap.  Under  special  oonditions  there  can  be  littie  doubt  that 
the  process  can  be  made  to  pay ;  if,  for  instance,  the  tin  cuttings  in  a 
factory,  or  a  group  of  factories,  are  as  larg^  in  amount  as  from  four 
tons  upwards  per  week,  and  the  supply  can  be  relied  upon  as  being 
constant. 

Swinburne,  in  his  Cantor  Lecture  III.,  in  1896,  on  AppHed  Electro- 
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Chemistxy  {EUetrieimn,  vol.  37,  p.  759),  in  the  oouxBe  of  his  TemaricB  on 
the  remoYal  of  tin  from  timied  iron  stated  that  there  aze  supposed  to  he 
thousands  of  tons  of  scrap  tin  wasted  every  year,  and  that  it  is  even 
employed  for  road  mending,  but  that  when  he  tried  to  purohase  it  in 
quantity  none  was  forthcoming,  and  that  it  seemed  as  if  the  whole  idea 
of  there  being  an  important  industry  in  the  recovery  of  tin  from 
sorap  was  erroneous ;  the  difficulty  was  to  get  the  scrap.  He  adds : 
"  makers  of  large  tin  g^oods  sell  their  clipping^  to  people  who  do  smaller 
work,  and  finally  the  scrap  is  distributed  in  such  a  way  that  it  cannot 
be  collected  profitably.  The  recovery  of  tin  and  lead  from  old  cans 
might  be  carried  on  on  a  very  small  scale  by  corporations,  but  it 
is  questionable  if  it  would  pay  owing  to  the  (small)  quantities 
available." 

The  methods  which  have  been  proposed  for  the  recovery  of  tin  from 
tin  scrap  by  electrolysis  are  very  many.  In  every  ease  the  tin  scrap  is 
made  the  anode  in  some  electrolyte.  The  chief  electrolytes  which  have 
been  proposed  are  as  follows  : — ^Dilute  sulphuric  acid,  a  mixture  of 
dilute  nitric  and  hydrochloric  adds,  ferric  chloride  solution,  stannous 
chloride  solution,  caustic  alkaline  solutions,  solutions  ol  caustio 
alkali  mixed  with  common  salt.  There  can  be  littie  doubt  but  tiiat 
the  alkaline  electrolytes  are  the  most  satisfactory,  for  the  consumption 
of  chemicals  is  smaller,  the  tin  is  obtained  in  a  pure  state,  and  the 
metallic  iron  is,  to  a  large\zt3nt,  recoverable.  But,  as  Dr.  Smith  has 
written  a  very  detailed  paper  describing  an  actual  and  successful  instal- 
lation which  he  planned,  erected,  and  conducted  for  recovering  the  tin 
electrolytically,  employing  anacidbath,  I  propose  to  consider  themethods 
in  which  acid  or  non-alkaline  electrolytes  are  used  first,  and  to  reproduce 
his  paper  at  some  length. 

asethoda  fbr  Baeoverlng  Tin  when  iiatns  Acid  BtfliitloDS. — 
Dr.  Smith  says :  I  am  only  aware  of  three  methods  for  recovering 
tin  from  tinned  iron  plate  which  have  been  employed  on  any  large 
scale,  viz :  dissolving  in  a  mixture  of  hydrochloric  and  nitric  acids, 
and  subsequent  precipitation  of  tin  by  metallic  zinc ;  ta:«a1inent  with 
caustic  soda  and  litharge,  forming  stannate  of  soda ;  and,  lastiy,  the 
formation  of  tetrachloride  of  tin  by  the  action  of  chlorine  gas. 

The  last-named  process  is  worthy  of  special  mention.  It  has  been 
described  by  Prof.  Lunge  in  his  report  of  the  Chemical  Section  of  the 
Swiss  National  Exhibition,  held  in  Ziirich,  in  1883. 

Some  time  ago  I  was  requested  to  recommend  some  practical 
method  for  the  utilisation  of  these  tin  cuttings  in  a  district  where 
they  could  be  collected  in  large  quantities.  (This  was  in  Milan.) 
After  reading  all  the  literature  at  my  disposal,  relating  to  the 
subject,  I  was  induced  to  make  some  experiments,  and  amongst 
others,  actuated  by  a  knowledge  of  certain  electzolytic  prooeflses  em- 
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ployed  for  the  preoipitAtioii  of  metals  from  their  oree,  I  tried  the  effect 
of  a  cuirent  of  electricity  in  passing  through  an  acid  solution  in  which 
a  quantity  of  cuttings  were  suspended,  fonning  the  anode,  a  copper 
plate  serving  as  cathode. 

These  experiments  proved  that  not  only  is  tin  dissolved  at  the 
anode,  but  that  it  is  also  deposited  in  a  pure  form  at  the  cathode  very 
soon  after  the  commencement  of  the  action.  ...  I  reconunended 
that  a  trial  should  be  made  of  this  process ;  this  was  undertaken,  the 
ceremony  of  obtaining  a  patent  was  duly  observed,  and  I  was  intrusted 
with  the  supervision  of  the  erection  of  the  plant,  an  account  of  which, 
and  of  the  results  obtained  therefrom,  I  now  propose  to  give  you  in  a 
brief  form. 

Although  ignorant  at  the  time,  I  am  now  aware  that  at  least  four 
English  patents  have  been  granted  for  the  same  object  effected  by  very 
similar  means ;  still,  as  there  are  important  differences  in  the  process 
about  to  be  described,  and  especially  as,  to  the  best  of  my  knowledge,  it 
was  under  my  direction  that  the  first  plant  was  erected  for  the  employ- 
ment of  an  dectrolytio  method  on  any  large  scale,  I  venture  to  hope 
that  the  following  details  may  interest  the  members  of  our  Society : — 

Genial, — ^The  cuttings  with  which  we  had  to  deal  varied  con- 
siderably in  value.  Some  of  the  thicker  ones  contained  little  more  than 
3  per  cent,  of  tin,  while  some  of  the  thinner  kinds  contained  8  or  9  per 
cent.  I  considered  5  per  cent,  as  about  an  average.  The  quantity  (of 
tin  scrap)  obtainable  was  calculated  at  about  6  tons  per  week,  and  the 
plant  was  designed  to  accommodate  that  quantity,  charging  twice  a  day. 
The  iron  was  designed  to  be  converted  into  sulphate,  a  large  quantity 
of  which  could  be  disposed  of  at  a  high  price ;  the  remainder  was  to  be 
converted  into  ''iron  mordant"  ;  the  tin  was  to  be  converted  into 
stannous  chloride,  and  other  salts  of  tin  employed  as  mordants,  and 
largely  used  by  the  dyers  of  that  neighbourhood. 

Dynamo. — A  Siemens-Halske  dynamo,  No.  G  18,  similar  to  that 
used  for  copper  deposition  at  Oker,  was  employed.  It  was  a  shunt- 
wound  machine,  giving  240  ampdres  at  15  volts,  and  requiring  7  B.H.P. 
to  drive  it. 

Eleetrolyiie  Batht, — ^These  were  made  of  wood  lined  with  india- 
rubber,  and  had  the  following  dimensions :  5  feet  long,  2  feet  4  inches 
wide,  and  3  feet  3  inches  deep  ;  the  thickness  of  the  wood  was  2  inches, 
and  the  rubber  was  about  ^-inch  thick.  As  a  matter  of  fact,  one 
large  tank,  measuring  10  feet  long  and  4  feet  8  inches  wide,  was  divided 
up  by  one  transverse  and  one  longitudinal  partition  into  four  tanks  of 
the  dimensions  above  stated.  The  sides  of  the  tanks  outside  had  long 
iron  bolts  and  nuts  firmly  clamping  them  on  to  the  wooden  ends,  the 
form  of  construction  so  well  known  and  often  used  for  wooden  de- 
positing vats  {900  p.  289).    The  vats  were  placed  end  to  end,  and  thus 
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arranged  exactly  occupied  the  width  of  the  building,  and  were  fixed 
at  its  end,  with  their  bases  at  a  height  of  3  feet  3  inches  aboTe  the 
floor.  In  front  was  a  platform,  at  one  side  of  which  was  a  door  for 
the  admission  of  the  cuttings  after  being  washed  and  packed.  The 
dynamo  was  situated  in  the  engine  room  just  behind  the  baths,  and 
electrical  communication  was  made  by  two  copper  cables  passing 
through  a  hole  in  the  wall.  At  either  side  wall,  and  on  a  level  with 
the  baths,  was  a  dissolving  tank,  capable  of  accommodating  half  the 
cuttings  after  the  removal  of  the  tin.  A  little  farther  on,  and  nearly 
on  a  level  with  the  g^und,  were  the  evaporating  down  tanks.  The 
crystallising  tanks  were  situated  beneath  the  ground  level,  so  that  the 
solution  could  be  mn  off  from  one  stage  to  another  without  any  pump- 
ing arrangement. 

Anod&t. — ^These  were  of  course  composed  of  the  tin  scrap.  Baskets 
were  obtained  to  pack  the  cuttings  in.  These  at  first  were  made  of 
wicker-work,  but  as  they  were  too  flexible  and  soon  rotted  by  the 
action  of  the  acid,  their  place  was  supplied  by  strong  wooden  baskets, 
whose  sides  were  f onned  of  stout  upright  wooden  bars  J  inch  thick, 
with  spaces  between  them  sufficient  to  allow  the  solution  to  circulate 
freely,  while  preventing  the  exit  of  the  scrap.  The  internal  dimea- 
sions  of  the  baskets  were :  Length,  3  feet  1 1  inches ;  breadth,  i  foot ; 
and  depth,  2  feet  9  inches.  Great  care  was  required  in  packing  the 
scrap,  beoiuse  if  it  were  packed  too  closely  the  metallic  surfaces 
thereby  united,  and  thus  preventing  the  circulation  of  the  electrolyte 
between  them,  necessarily  retained  their  coating  of  tin.  These  baskets 
held  from  132  to  154  pounds  of  the  scrap,  the  eight  being  capable  of 
aooonmiodating  about  half  the  total  quantity  required  (t.^.,  for  a  treat- 
ment of  six  tons  of  scrap  per  week).  Long  and  narrow  strips  of  tinned 
iron  were  employed  to  complete  the  connection  of  the  anode  scrap  with 
the  copper  conductors.  As  the  resistance  of  the  iron  to  the  current  is 
comparatively  g^reat,  a  large  number  of  these  were  required  in  order 
to  prevent  excessive  heating.  (An  allowance  of  7  to  8  square  inches 
cross  section  of  iron  per  1,000  amperes  transmitted  should  at  least  be 
made.)  At  one  end  these  strips  were  soldered  together  and  connected 
with  the  copper  conductor  by  means  of  binding  screws;  the  other 
extremities  were  distributed  throughout  the  scrap. 

Cathodes, — Copper  plates  were  employed.  These  had  a  thickness  of 
about  ^i  inch,  were  3  feet  1 1  inches  long,  and  were  3  feet  i  inch 
wide.  There  were  sixteen  cathode  plates  in  all,  two  being  in  each 
bath,  and  they  were  arranged  one  on  either  side  of  the  baskets.  To 
keep  these  thin  plates  of  copper  as  flat  as  possible,  each  was  surrounded 
by  a  framework  of  copper  rod  of  square  section.  The  copper  of  the 
cathodes  was  coated  with  tin  to  prevent  corrosion,  as  well  as  to  avoid 
solution  by  an  accidental  reversal  of  the  current.     (Not  a  very  efficient 
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proteotion.)  These  cathode  platee  rested  in  grooyes  at  the  sides 
of  the  tanks,  placed  at  a  distance  of  4  inches  from  the  sides  of  the 
baskets.  They  were  provided,  as  also  were  the  baskets,  with  india- 
robber  rollers  extending  to  the  sides  of  the  baths,  enabling  them  to  be 
raised  ont  of  the  same  with  ease,  and  without  injuiy  to  the  iudia- 
rabber  coating. 

EleetrolyU, — Dilute  sulphuric  acid  formed  the  electrolyte.  This 
was  employed  not  only  on  account  of  its  comparatively  small  resist- 
ance to  the  current,  but  also  because  it  was  convenient  to  turn  the 
solution  into  the  sulphate  of  iron  tanks  as  soon  as  it  became  saturated 
with  that  salt  and  all  the  tin  had  been  precipitated  from  it.  (I  do  not 
quite  follow  the  latter  reason  here  given.)  Commercial  acid  of  60** 
Baum6  was  diluted  with  nine  volumes  of  water.  (Of  course  the  add  is 
poured  into  the  water.) 

Above  the  tanks  was  a  pulley  arrang^ement  for  raising  the  baskets 
and  plates  out  of  the  baths  as  required ;  there  was  also  an  arrangement 
of  levers  and  eccentrics  constructed,  whereby  the  baskets  were  kept  in 
gentle  motion  in  the  baths,  thus  exciting  circulation  in  the  liquid  and 
tending  to  prevent  polarisation.  The  horizontal  axis  upon  which  the 
eccentrics  were  disposed  made  about  two  revolutions  per  minute, 
thereby  raising  the  baskets  a  distance  of  about  two  inches.  Levers 
were  fulcrumed  into  the  wall.  These  passed  over  the  eccentrics,  and 
at  their  extremities  ropes  were  fixed  communicating  with  the  baskets. 

The  current  conductor  consisted  of  a  thick  copper  wire  of  several 
plies,  and  although  already  coated,  they  were  enclosed  in  indiarubber 
tubing  as  an  additional  proteotion. 

The  eight  baths  were  arranged  in  series,  and  took  a  current  of  rather 
under  240  amperes  at  15  volts  (i.e.,  about  1*7  volts  per  bath). 

QualUff  0/  I%n  deposited, — This  was  at  the  first  of  a  spongy  nature, 
owing  to  the  great  acidity  of  the  bath.  Soon,  however,  it  began  to  be 
precipitated  in  a  more  dense,  extremely  fine,  granular  and  partially 
crystalline  state,  which,  indeed,  was  preferable,  as  it  fell  to  the  bottom 
of  the  bath  and  was  not  in  dang^  of  forming  a  communication  with 
the  anode.  The  tin  obtained  was  not  chemically  pure,  but  it  was  purer 
than  commercial  tin,  and  when  thoroughly  washed  contained  no  trace 
of  iron.  It  fused  readily  and  almost  completely,  and  that  without  any 
addition,  provided  it  had  been  thoroughly  washed  and  dried.  The 
rapidity  with  which  the  powdery  electro-deposited  tin  dissolved  in 
hydrochloric  acid  was  not  to  be  compared  to  the  slow  action  of  that 
add  upon  granulated  tin,  and  this  rendered  the  product  peculiarly 
suited  for  the  manufacture  of  stannous  chloride. 

Quantity  of  Tin  depotited, — ^Rather  over  one-half  of  the  weight 
of  tin  was  deposited  which  should  have  been  obtained  theoreticaUy 
as  calculated  from  the  current  employed.    Dr.  Smith  adds  that  the 
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discrepancy  was  due  to  part  of  the  current  being  absorbed  in  dis- 
solving the  iron  as  well  as  the  tin,  as  soon  as  the  former  began  to  get 
bare.  This,  together  with  the  natural  solution  of  the  iron  in  the  acid  led 
to  the  rapid  accumulation  of  sulphate  of  iron  in  the  baths.  (No  doubt 
hydrogen  was  deposited  at  the  cathode  in  place  of  the  mi«w""g  tin.) 
The  acid  employed  in  one  charge  of  the  eight  Tats  took  about  seven 
weeks  to  become  saturated.  (It  is  not  stated  if  the  baths  were  worked 
day  and  night.)  On  analysis  the  baths  were  found  to  vaiy  in 
a  very  remarkable  manner,  first  one  and  then  another  contaazung 
the  largest  quantity  of  iron.  The  tin,  on  the  contrary,  remained  very 
constant  in  amount,  both  in  the  individual  baths  and  in  the  total  aver- 
age ;  it  amounted  in  the  average  to  1*5  g^rams  per  litre.  Pure  tan  was 
deposited  until  the  acid  was  saturated  with  iron  salts  and  all  the  tin 
had  been  removed  from  solution,  then  hydrate  of  iron  began  to  form. 
This  could  be  avoided  for  a  time  by  the  addition  of  more  acid  but  it 
was  better  to  run  the  acid  into  **  green  vitriol  '*  tanks  and  add  fresh 
solution.  It  was  found  not  to  be  at  all  necessary  to  continue  the 
action  of  the  current  until  all  the  tin  had  been  removed  ;  in  fact  after  a 
certain  time  the  action  on  the  iron  was  even  stronger  than  that  on  the 
tin.  It  was  found  in  practice  that  after  the  passage  of  the  current  for 
the  space  of  5  or  6  hours  the  quantity  of  scrap  referred  to  was 
sufficiently  free  from  tin  to  be  dissolved  in  the  sulphate  of  iron  tanks 
with  the  gpreatest  ease  ;  the  tin  remaining  unacted  upon  in  the  presence 
of  the  large  excess  of  iron  always  provided  for,  and  it  was  not  difficult 
to  recover  that  tin  and  utilise  it  with  the  rest.  (The  above  remarks 
show  that  if  one  charg^e  could  be  removed  from  the  vats  after  a  treat- 
ment for  5  to  6  hours  with  the  current,  and  as  eadh  charge  weighs 
half  a  ton,  the  vats  must  be  capable  of  dealing  with  about  2  tons  per 
diem  of  24  hours,  or  about  i  ton  per  diem  of  12  hours;  and  as  the 
plant  dealt  with  6  tons  of  scrap  per  week  it  b  fairly  dear  that  the 
plant  was  run  six  1 2-hour  days  per  week.) 

Cost  of  Plant  mnd  JSxpetuea  of  JFor king.— *' These,  of  course, 
must  depend  upon  the  neighbourhood  fixed  upon  and  other  circum- 
stances, but  in  any  case  they  would  be  little  compared  with  the  value  of 
the  tin  capable  of  being  recovered."  (This  statement  is  disappointingly 
vagfue  and  begs  the  whole  question.)  **  I  think  I  have  given  sufficient 
details  for  any  one  to  be  able  to  calculate  approximately  their  amount 
for  any  particular  locality." 

"  Generally  the  scrap  is  obtained  for  a  mere  nominal  sum,  frequently 
just  for  the  expense  of  transport. 

''  Labour  required. — One  stoker  and  two  or  three  labourers  would  be 
quite  sufficient  to  work  three  tons  per  week,  using  one  of  the  small 
dynamos  described  above.  The  three  hundredweight  of  metallic  tin 
obtained  therefrom  (1  «.,  from  three  tons  of  scrap),  at  £3  f  8s.  per  cwt., 
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Drill  compare  favourably  with  the  cost  of  fuel  necessary  to  maintain 
the  annual  output  of  7  or  8  B.H.P.,  wages  of  workmen,  interest  on 
plant,  and  for  occasional  repairs."  (I  consider  this  doubtful,  for  the 
actual  cost  of  obtaining  a  ton  of  metallic  copper  by  electrolytic 
deposition  must  certainly,  under  the  best  conditions  of  large  oulput, 
etc.,  be  as  much  as  £2,  and  there  are  many  reasons  why  the  cost  of 
electrolysing  one  ton  of  tin  scrap  should  cost  more  than  this ;  as,  for 
instance,  the  larger  siee  of  vats  per  ton  of  anode  necessary  for  the  tin 
process,  the  large  amount  of  eneigy  consumed,  namely,  one  kilowatt 
hour  to  every  3*42  Ibe.  of  tin  produced,  and  also  the  amount  of  acid 
consumed,  which  is  large,  whilst  it  is  practically  zero  in  the  case  of 
copper  refining.  However,  Dr.  Smith  undoubtedly  worked  under 
very  favourable  circumstances,  firstly,  because  he  only  had  to  pay 
2  francs  per  ton  for  the  scrap  tin,  and  secondly,  because  he  was  able, 
as  he  states,  to  sell  the  iron  sulphate  produced  *'  at  a  high  price."  It 
IB  diffictdt,  however,  to  understand  how  so  large  a  quantity  of  iron 
sulphate  as  28  tons,  and  6  cwt.  of  iron  sulphate  crystals  (FeSOi  +  7  H3O) , 
the  amount  produced  from  6  tons  of  scrap  tiu  containing  5  per  cent,  of 
tin,  could  be  disposed  of  per  week  over  any  long  period-  of  time.) 
Dr.  Smith  further  adds,  '*  If  the  process  were  worked  on  a  larger 
scale,  and  the  tin  and  iron  further  worked  up  into  salts,  as  in  the 
case  described  above,  the  profits  would  be  increased  in  la  much 
grater  ratio.  When  we  consider  that  in  Paris  3,000  tons  of  thlL  scrap 
are  produced  annually,  it  is  no  unimportant  matter  to  detennine  the 
best  method  of  utilising  it."  In  conclusion.  Dr.  Smith  suggested  that 
a  solution  of  stannous  sulphate  would  answer  better  as  an  electrolyte 
than  the  dilute  sulphuric  acid  which  he  employed. 

The  following  accounts  of  three  or  four  other  processes  of  treating 
scrap  tin  by  acid  solutions  were  given  by  Watt  in  earlier  editions  of 
this  work,  and  they  are  retained,  not  because  the  processes  appear  to 
be  of  great  promise,  but  because  the  descriptions  are  fairly  complete, 
and  on  account  of  their  historical  interest.  In  so  far  as  the  present 
writer  is  aware,  none  of  these  processes,  which  involve  the  use  of 
electrical  energy,  have  been  employed  on  a  commercial  scale,  and  it  is 
in  the  highest  degree  improbable  that  they  could  be  successful  if  their 
employment  were  attempted. 

Mr.  Watt  writes : — ^The  recovery  of  the  tin  from  tin  scrap,  pre- 
served fruit  and  meat  tins,  and  other  waste  of  a  similar  character,  has 
long  occupied  the  attention  of  experimentalists,  both  at  home  and 
abroad,  and  several  ingenious  processes  have  been  devised  and  patented, 
and,  we  believe,  carried  out  with  some  success.  When  experimenting 
upon  this  subject  a  few  years  since,  the  author  tried,  amongst  other 
(solvents,  perdiloride  of  iron — a  material  which,  for  another  purpose, 
he  had  prepared  in  very  large  quantities,  and  was  therefore  well 
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acquainted  with  the  most  economical  method  of  preparing  it.  In 
stripping  tin  from  tinned  iron  scrap  with  the  perohloride  of  izon,  the 
solution  of  the  salt  was  employed  hot,  and  the  scrap  thai  introduced 
and  kept  constantly  in  motion  imtil  the  whole  of  the  tin  was  dissolTed 
from  the  snrface  of  the  fragments,  which  was  g^erally  effected  in  a 
few  minates.  After  a  time  the  oharacteristio  orange-yellow  colour  of 
the  perohloride  disappeared,  leaTing  a  gpreen  solntion  of  protochloride 
of  iron,  in  combination  with  the  corresponding  salt  of  tin.  It  was  now 
f  oxmd  necessary  to  again  perozidise  the  iron  solntion,  which  was 
effected  by  trying  varions  ordinary  ag^ts  in  socoeesion,  nitric  add 
being  f onnd  to  answer  the  purpose  readily.  Since  the  perohloride  of 
iron  as  a  de-tinning  agent  has  somewhat  recently  formed,  in  part,  the 
sabject  of  a  patent,  it  will  be  well  to  give  the  inventor's  description  of 
his  method  of  applying  it.  The  process  referred  to,  which  is  given 
below,  does  not,  however,  depend  exdnsively  upon  the  employment  of 
perohloride  of  iron,  as  will  be  seen  from  the  abridged  details  given. 

Oareia*»  Froeest. — ^This  process,  for  which  a  patent  was  granted  in 
1886,  consists  mora  especially  of  "  an  improved  method  of  treating 
cuttings,  or  waste,  of  tin  plate  in  order  to  remove  the  metallic  tin,  but 
is  also  applicable  to  the  separation  of  tin  combined  with  metals,  such 
as  copper,  zinc,  or  lead,  or  in  combination  with  oxygen.  The  process 
consists  first  in  making  solutions  of  tin,  preferably  protochloride  of  tin, 
slightly  add,  and  afterwards  extracting  the  tin  in  a  metallic  state  by 
means  of  the  simple  apparatus  used  in  the  ordinary  prooess  of  electro- 
typing."  This  consists  in  applying  the  "  single  cell "  amngement,  as 
it  IB  called,  in  which  a  plate  of  sdnc  is  immersed  in  a  porous  cell  filled 
with  a  saline  solution,  or  addulated  water,  and  which  is  placed  in  a 
larger  vessel  containing  a  solution  of  tin  in  lieu  of  the  sulphate  of 
copper,  as  in  eleotrotyping.  The  zinc  plate  is  connected  by  a  suitable 
conducting  wire  to  sheets  of  tin  plate,  placed  round  the  porous  cell, 
upon  which  plates  the  tin  becomes  deposited.  "  Supposing,"  says  the 
inventor,  **  cuttings  of  fresh  tin  plate  are  to  be  used,  as  oft^i  happens, 
I  place  tiiem  in  vessels  of  material  unaffected  by  the  chemical  agents 
employed,  and  keep  them  in  movement  by  any  convenient  mechanical 
means,  so  as  to  prevent  them  from  adhering  together,  since  if  left  at 
rest  they  would  remain  adherent,  and  to  a  great  extent  escape  the 
action  of  the  acid  liquids.  These  add  liquids  may  vary  according  to 
the  character  of  the  tin  cuttings,  or  fragments,  but  I  prefer  to  use  a 
mixturo  of  hydrochloric  and  nitric  acids,  in  about  the  following  pro- 
portions, namely,  250  to  300  kilogrammes  of  hydrochloric  add,  and 
8  to  12  kilos.,  or  even  less,  nitric  add."  The  vessels  employed  for  this 
purpose  may  be  constructed  of  stonewaro,  glass,  slate,  etc.,  and  the 
mixed  adds  diluted  with  about  1,000  litres  of  water,  the  add  liquor 
being  heated  by  steam  passing  through  coils,  or  otherwise,  to  the 
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temperature  of  about  80  to  100  degrees.  [Centigrade  Y]  **  While  the 
prooees  of  solution  is  going  on  a  certain  proportion  of  iron  is  also  dis- 
solved in  removing  the  last  particles  of  tin,  the  fragments  being 
removed  when  the  further  solution  would  cease  to  be  economical."  It 
is  stated  that  the  foregoing  proportions  of  acids  and  water  are  sufficient 
to  effect  the  separation  of  the  tin  from  one  ton  of  tin  scrap,  as,  for 
example,  preserved  food  cans.  '*  Instead  of  nitric  add,"  says  the 
patentee,  **  perchloride  of  iron  may  be  used,  by  which  the  tin  is 
effectually  separated.  The  perchloride  is  preferably  produced  by  dis- 
solving 80  to  90  kilogrammes  of  peroxide  of  iron  in  300  to  350  kilos,  of 
hydrochloric  add,  this  quantity  being  snffident  to  separate  the  tin 
from  a  ton  of  tin  plate,  the  quantity  of  water  being  the  same  as  before, 
so  as  to  completely  cover  the  metal  from  which  the  tin  is  to  be  re- 
moved." The  patentee  next  states  that  '*  the  use  of  perchloride  is  new 
for  the  purpose  and  in  the  manner  described,  and  forms  an  important 
part  of  the  invention."  As  to  the  novelty  of  perchloride  of  iron  being 
applied  as  a  "  stripping"  solution  for  tin,  we  can  scarcely  agree  to 
this,  since  this  salt  has  long  been  used  for  the  purpose  by  jewellera  and 
others  in  conunon  practice,  and  indeed  has  been  recommended  by 
various  writers  as  a  useful  solvent  not  only  of  tin,  but  also  of  lead  and 
copper. 

Mcntagn^i  JProeeites, — ^The  first  of  these  two  processes — ^both  of 
which  are  protected  by  patent — consists  of  a  method  and  apparatus  for 
separating  tin  from  tinned  sheet  metal,  such  as  empty  tin  boxes,  tin 
scrap,  etc.  **  Broadly  speaking,"  says  the  inventor,  **  the  method 
consLsts  in  conveying  hydrochloric  add  gas  into  a  dosed  vessel  con- 
taining the  material  the  separation  of  the  tin  from  which  it  is  desired 
to  obtain.  After  the  closed  vessel  containing  the  tinned  sheet  metal 
has  become  completely  saturated  [charged  ?]  with  hydrochloric  acid 
gas,  whereby  the  latter  combines  with  the  tin,  a  shower  of  water 
is  allowed  to  fall  over  the  sheet  metal,  and  instantaneously  the  said 
gas  is  converted  into  liquid  protodiloride  of  tin ;  the  tin,  entirely  re- 
moved from  the  sheet  metal,  is  dissolved  in  the  protochloride  of  tin." 
The  solution  of  tin  is  afterwards  drawn  off  from  the  closed  vessd  and 
the  metal  predpitated  either  by  means  of  zinc,  '*  lime  wash,"  or  other- 
wise. It  is  obvious,  however,  that  the  metal  would  be  more  economi- 
cally recovered  by  electrolysis.  In  the  accompanying  drawing,  a  is  a 
retort  into  which  is  placed  a  diarge  of  sulphuric  add  and  chloride  of 
sodium  for  producing,  with  the  application  of  heat,  hydrochloric  acid 
gas  in  the  usual  manner.  The  gas  ia  conveyed  by  a  pipe,  b',  into  a 
dosed  vessel,  b,  containing  a  charge  of  tinned  sheet  metal  scrap  or 
cuttings,  the  latter  material  being  heated  to  a  temperature  of  150''  to 
160°  Fahr.  by  a  jet  of  steam  supplied  by  a  generator,  n',  and  pipe,  d. 
After  the  tinned  sheet  metal  cuttings,  or  scrap,  have  become  saturated 
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with  hydrochloric  acid  gas,  a  shower  of  w&ter,  supplied  by  a  pnmp, 
F,  and  a  pipe,  c,  in  conveyed  into  the  closed  veesel,  D,  by  a  perfbiBted 
pipe,  B,  BO  as  to  completoly  waah  over  the  tiimed  metaJ  setup.  The 
Kilatioii  thoB  produced  ia  protochloride  of  tin,  which  is  drawn  off  into 
a  pan,  n,  b;  a  tap,  o.  Tlie  tin,  precipitated  by  zinc  or  otherwise,  is 
placed  under  a  pteea,  m,  to  remove  the  liquid  attached  to  it,  and  u 
altorwards  melted  in  a  crucible,  r,  and  out  into  ignots. 

By  a  Moond  ftient,  dated  May  ind,  1887,  H.  Hontagne  intiodncei 
■n  trnproTemmt  on  the  foregoing  prooew,  which  may  be  thni  briefly 


B. 


Flf.  145- 


deacribed : — The  dnned  scrap  in  placed  in  a  Beriee  of  brickworlc  cham- 
bers lined  with  any  suitable  material  capable  of  resisting  the  action  of 
adds,  and  sufficiently  thick  to  retain  heat  for  a  long  time,  E^g.  145. 
These  chambers  are  pat  into  communication  by  a  system  of  piping, 
provided  with  suitable  valves  capable  of  allowing  the  acid  gas  to  pass 
guooeasively  into  several  chambers  before  passing  to  the  exit  or  chimney, 
completely  exhausted  by  its  passage  through  material  lees  and  lea 
attacked  by  add.  "  Let  it  be  supposed  for  the  sake  of  deamesB," 
says  the  inventor,  ' '  that  three  chambera  are  employed,  and  that  the 
gas  pasHiw  suocewiTely  through  chambers  i,  2,  and  3.    The  gas  first 
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reaolies  oLamber  i  (through  a  pii>e  and  valre),  in  whioh  the  extraction 
[dlBSolving  of  the  tin]  will  be  soonest  completed.  When  the  extraction 
has  been  effected,  chamber  I  is  completely  shut  off  by  dosing  the  valve 
of  the  g^  supply  pipe,  and  the  valve  which  puts  chamber  i  in  com- 
munication with  chamber  2  U  opened.  The  acid  gas  will  then  ilrst 
enter  chamber  2  by  its  valve  and  be  led  into  chamber  3,  and  thence  to 
the  chimney.  While  chamber  i  is  shut  off  a  spray  of  water  is  allowed 
to  fall  into  the  same  from  a  perforated  coil  or  otherwise.  At  the  same 
time,  in  order  to  reach  the  parts  which  are  least  accessible,  a  jet  of 
steam  is  supplied  from  a  generator  by  pipes,  the  same  being  cooled  by 
the  spray  of  water,  and  forming  vapour  which  settles  on  all  the  surfaces 
covered  with  protoohloride  of  tin,  and  carries  it  off  in  solution.  The 
condensation  of  all  the  hydrochloric  add  gas  is  thus  certain  to  be 
effected,  and  chamber  i  can  be  opened  for  removing  the  metal  deprived 
of  its  tin,  and  recharging  the  same  with  a  fresh  batch  of  tinned  scrap 
without  being  inconvenienced  by  the  add  vapours.  When  this  is  done 
the  diamber  is  closed,  and  placed  again  in  circuit  by  opening  the  valve, 
and  thus  making  this  chamber  the  last  in  the  series ;  that  is  to  say,  the 
gas  entering  through  chamber  2  passes  into  chamber  3,  and  then  into 
chamber  i,  whence  it  escapes  through  the  ohinmey.  The  order  of 
drculation  thus  becomes  reversed,  as  wiU  be  readily  seen,  and  it  is 
obvious  that  the  number  of  chambers  may  be  varied  at  will."  To  re- 
cover the  tin  from  the  solutions  thus  obtained,  the  inventor  employs 
zinc  or  iron,  or  otherwise  lime;  but  the  dectrolytio  method  would 
doubtless  be  more  economical. 

Ketliods  for  roeovering  Tin  when  nslas  AHuOino  0oliitioBt. 
— As  has  abeady  been  stated  the  methods  for  recovering  tin  from  scrap 
by  means  of  dther  chemical  or  electrical  processes  which  involve  the 
employment  of  alkaline  solutions  appear  mudi  more  promising  than 
those  in  which  an  acid  solution  is  adopted.  The  following  is  a  complete 
lists  of  patents,  with  their  dates,  granted  for  the  removal  of  metallic 
tin  from  tin  scrap  by  means  of  hot  alkaline  solutions,  with  or  without 
the  assistance  of  an  electric  current,  between  the  years  1877  ^^^  i^^^ 
includve. 

W.  2>.  Walbridge^  April  6,  1877,  1,346. — This  inventor  employs  a 
boiling  hot  solution  of  either  (i)  caustic  soda  and  sodium  nitrate,  (2) 
caustic  potash  and  potassium  nitrate,  or  (3)  caustic  soda  and  sodiimi 
chloride  as  electrolyte,  with  tin  scrap  anodes. 

J?.  8,  Laird,  Augmt  15,  1883,  3,952. — ^The  process  consists  of  a 
"single  cdl"  deposition  method,  using  tin  scrap  anodes  and  an 
electrolyte  of  cauMic  soda  or  potasli. 

E,  Z.  Cleaver,  October  23,  1883,  5,033. — Tin  plate  scrap  is  cleaned 
and  boiled  either  in  hydrochloric  acid  or  caustic  potash  or  soda  bath. 
The  solution  obtained  is  deotrolysed.    Or  the  removal  of  the  tin  may 
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be  bastened,  and  the  tin  at  the  same  time  deposited,  by  naingthe  tin 
scrap  as  anode  and  a  metal  cathode. 

A.  P.  Frieej  December  22, 1883,  5,847,  and  January  25,  1884,  2,119. — 
Practically  identical  with  Cleaver's  patent,  but  hydrochloric  acid  is  not 
to  be  employed. 

W.  Beateon,  September  18,  1885,  11,067. — '^^  waste  metal  is  cat 
into  small  pieces,  and  enclosed  in  a  cylinder  of  wire  g^nze ;  the  cylinder 
is  slowly  rotated  in  a  hot  bath  of  soda  or  potash,  and  a  corrent  of 
electricity  is  passed  through  the  solution ;  the  cylinder  forms  the  anode. 
A  plate  or  arrangement  of  rollers  forms  the  cathode.  Instead  of  the 
cylinder  shallow  gfauze  boxes  may  be  used,  and  shaken  by  hand  or 
otherwise.  Instead  of  a  special  cathode,  the  iron  vat  containing  the 
alkali  may  be  used  for  receiving  the  tin.  An  alkaline  cyanide  may  be 
added  to  the  caustic  alkaline  electrolyte.  The  use  of  the  cyanide  was 
afterwards  disclaimed  as  useless  and  expensive. 

Mr.  James  Swinburne,  in  his  Cantor  Lecture  on  Applied  Electro- 
chemistry in  1896  (Eleetnetan,  vol.  37,  p.  759),  stated  that  he  had 
worked  out  a  process  for  removing  tin  from  scrap  which  was  not  electric, 
and  consisted  in  dipping  the  scrap  in  baskets  into  fused  caustic.    If  old 
tins  were  used  this  treatment  also  melted  out  the  solder  and  corroded 
labels  and  vanushes,  so  as  to  get  at  and  remove  the  tin  under  them. 
The  resulting  stannate  of  soda  was  to  be  sold  in  that  state.    The  scrap 
coming  out  of  the  caustic  had  a  good  deal  of  the  caustic  sticking 
to  it.    It  would  on  a  large  scale,  therefore,  be  washed  in  successive 
baths,    getting   weaker  and   weaker,     aud    ending  in   water;    the 
liquid  being  gradually  moved  up  into  the  fused  vat  to  replace  that 
removed  as  stannate.   (A  process  which  would  be  more  safely  conducted 
on  paper  than  in  any  other  way.)    By  tins  means  the  expense  of 
evaporating  down  all  the  caustic  that  adhered  to  the  tin  could  be  kept 
down.    This  process  works  fairly  well,  but  it  is  difficult  to  get  the 
caustic  to  take  up  enough  tin.    The  stannate  thickens  it  very  quickly, 
and  the  resulting  mixture  never  contains  enough  stannate  to  be  a 
commercial  article.    The  tin  could  be  easily  removed  from  the  caustic 
by  electrolysis,  and  came  down  well.     Mr.  Swinburne  adds :  This 
process  seemed  fairly  pronusing,  but  at  this  stage  it  was  found  that  it 
had  been  tried  before,  and  a  company  had  been  formed  to  work  it. 
Whether  or  not  the  company  was  successful  the  lecturer  was  not  aware. 
A  fresh  attempt  at  the  solution  of  the  problem  was  therefore  made. 
'*  Curiously  enough  "  (I  quote  Mr.  Swinburne's  own  words)  *'  if  sheet 
tin  is  used  as  anode  in   caustic  soda  solution"  (presumably  cold) 
<<  the  tin  does  not  go  into  solution,  but  oxygen  comes  off.    I  had  tried 
a  number  of  experiments  in  1882,  with  sheet  tin  as  a  backing,  for 
peroxide  plates  in  alkaline  solutions  for  secondary  batteries.    If  sheet 
tin  is  boiled  in  caustic  lye  the  tin  is  not  attacked.    If  clean  iron  is 
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dropped  in  bubbles  of  hydrogen  ooxne  ofl  the  iron,  and  the  tin  ib 
dissolved."  (This,  of  course,  means  that  where  iron  and  tin  are  in 
eontaei  in  boiling  caustic  alkalies  the  tin  dissolves.)  '*  Strangelj 
enough,  however,  this  process  does  not  act,  because  very  soon  the 
clean  iron  gets  coated  with  tin,  and  the  action  stops.  It  is  very  odd 
that  tin  should  be  eaten  off  one  piece  of  iron  and  then  deposited  from 
the  solution  on  to  another  piece.  This  gave  the  key  to  the  electrolytic 
process.  All  that  is  needed  is  to  heat  the  caustic  bath.  The  anode  no 
longer  gives  off  oxygen,  and  the  tin  is  stripped  off  perfeotiy  and  de- 
posited nicely  on  the  cathode.  This  process  seemed  perfectiy  suc- 
cessful ;  the  next  thing  was  to  try  it  commercially,  but  when  we  tried 
to  get  the  scrap  tin  none  was  forthcoming."  I  have  quoted  Mr. 
Swinburne  at  some  leng^,  not  because  the  results  he  obtained  were 
new  even  at  the  time  he  published  them,  but  because  a  frank  state- 
ment of  results  obtained  in  endeavouring  to  hammer  out  a  new  process 
is  always  instructive,  and  the  more  so  that  the  chemical  and  electrical 
mcihod  decided  upon  as  most  satisfactory  was  identical  with  that  of 
Cleaver's  patent  of  1883,  and  those  of  Beatson  of  1885  and  1890. 

Br.  W.  Borchers  (Borchers'  JBleetrie  Smelting  and  Mefiningy  1897, 
translated  by  McMillan  (GrifBn),  p.  333)  describes  some  experimental 
results  which  he  has  recentiy  obtained.  He  foimd  that  hot  solutions 
of  caustic  alkalies  or  of  sodium  stannate  did  not  give  satisfactory  results 
when  they  were  electrolysed  with  tin  scrap  anodes,  because  of  the 
precipitation  of  stannic  oxide  in  the  bath,  which  stannic  oxide  is  of 
course  di£Bicult  to  collect.  Dr.  Borchers,  however,  found  that  a  12 
to  15  per  cent,  solution  of  common  salt,  to  which  5  per  cent,  of 
sodium  stannate  had  been  added,  gave  much  better  results,  provided 
that  the  solution  was  kept  distinctiy  alkaline.  Hot  alkaline  hydroxides, 
however,  in  the  presence  of  iron  and  tin  in  contact  dissolve  the  tin 
without  the  aid  of  the  electric  current,  and  the  bath  therefore  tends  to 
become  richer  in  stannite.  Dr.  Borchers,  therefore,  conmiencee  the 
process  with  an  electrolyte  made  of  a  solution  of  sodium  chloride 
mixed  with  a  few  parts  per  cent,  of  caustic  soda,  which  latter  becomes 
converted  into  stannate  as  the  action  proceeds.  The  e.  m.  f .  required 
per  vat  (the  current  density  and  arrangement  of  the  bath  is  not 
stated,  and  therefore  the  c.  m.  f .  required  is  somewhat  meaningless) 
at  the  commencement  of  the  electrolysis  is  very  low,  and  tin  dissolves 
practically  unaided  (this  is  a  somewhat  vague  statement)  if  the 
solution  is  warmed  to  from  4^  to  50°  C.  But  as  the  tin  coating 
is  gradually  removed  from  the  surface  of  the  tin,  the  current 
density  per  unit  area  of  the  remaining  tin  increases  (this  statement 
i»  not  dear  to  me),  and  the  power  absorbed  becomes  higher  in 
consequence.  (The  only  explanation  I  can  suggest  for  this  is  that 
the  surface  of  the  exposed   iron  becomes  oxidised  in  the  alkaline 
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solution,  fuid  thus  setting  up  a  back  e.  m.  f .  on  the  iron  would  oon- 
oentrate  the  ouirent  on  the  tin.)  The  e.  m.  f.,  rising  at  the  end  of 
the  process  to  3  volts,  even  when  a  low  current  density  is  employed, 
calculated  upon  the  cathode  area,  which  remains  constant  throughout. 
The  difference  of  potential  between  the  electrodes  at  the  commenceznent 
of  the  work  is  much  lower  than  3  volts  even  when  the  current  dentdty 
amounts  to  several  hundred  amperes  per  square  metre.  (ThiB  is 
equivalent  to  several  tens  of  amperes  per  square  foot.)  In  the  experi- 
ments that  were  made,  the  necessary  e.  m.  f.  averaged  1-5  to  2  volts 
per  bath  when  the  current  density  did  not  exceed  15  amperes  per  square 
foot  of  cathode,  and  providing  that  the  current  density  was  reduced  to 
one-half  by  joining  in  parallel  two  baths,  which  had  been  charged  at 
the  same  time,  directly  the  bulk  of  the  tin  had  been  dissolved  from  the 
anodes.  Borchers  further  states  that  the  iron  remaining  in  the  anode 
basket  after  treatment  is  so  pure  that  it  may  be  applied  to  any  purpose 
for  which  good  sheet  iron  scrap  is  used.  The  powdery  tin  obtained  on 
the  cathodes  is  washed  and  pressed  or  dried  in  a  centrifugal  machine, 
and  may  be  melted  and  cast  into  ingots  quite  satisfactorily  (see 
Dr.  Smith's  experience  on  this  point,  p.  583  of  this  work). 
The  advantages  which  Dr.  Borchers  claims  for  his  process  are  :-^ 

1.  The  complete  stripping  of  the  iron,  which  may  therefore  be 
employed  as  sheet-iron  scrap. 

2.  The  recovery  of  the  pure  tin  free  from  iron. 

3.  The  possibility  of  using  iron  cathodes  and  vats. 

4.  The  possibility  of  constructing  the  anode  baskets  of  iron,  which 
forms  a  veiy  durable  material  for  the  purpose. 

It  must  be  remarked  that  the  employment  of  a  hot  solution  of  sodium 
chloride  with  a  mixture  of  caustic  soda  was,  as  has  already  been 
pointed  out,  patented  by  W.  D.  "Walbridge  on  April  6,  1877, 
Englinh  patent  1,346,  for  the  removal  of  tin  from  tin  scrap  by 
electrolysis,  the  scrap  forming  the  anode.  Therefore  Dr.  BorcherR* 
process  is  only  a  revival  of  an  old  method,  no  doubt  independently 
arrived  at.  It  is,  however,  evident  that  no  valid  patent  can  exist 
for  it. 

Iron  Contaminated  witli  Tin. — 1i  the  cleaned  scrap  iron  from  which 
the  tin  has  been  recovered  is  to  have  any  commercial  value,  it  must 
bo  quite  free  from  tin,  for  even  very  small  amounts  of  tin — 0*19 
part  par  cent,  in  wrought  iron — cause  it  to  be  very  cold,  short, 
and  prevents  its  welding.  Percy,  in  fact,  states  that  the  iron  was 
absolutely  worthless  (Percy's  Metallurgy  of  Ir<m  and  Steel,  l8(>4, 
p.  161). 

The  present  writer  saw  some  iron  obtained  by  melting  down  tin 
scrap  in  a  blast  furnace  in  Birmingham  in  1891,  which  was  cast  and 
employed  in  making  window  sash-line  weights.    An  enormous  amount 
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of  white  fume  was  produced  in  the  pzooess,  and  it  waa  subsequently 
abandoned  on  account  of  difficulties  with  this  fume,  and  for  other 
reasons. 

Borohers,  as  has  been  stated  aboYe,  considered  the  iron  cleaned  from 
tin  to  haye  been  quite  free  from  that  metal,  but  he  does  not  state 
whether  the  iron  scrap  was  used  to  produce  good  wrought  iron,  the 
only  test  which  is  of  any  importance,  and,  on  the  other  hand,  in  an 
article  {Indmtrie  JEUctro-Chimique,  toI.  2,  pp.  2,  3,  1898,  abstracted  in 
Sciene$  Abatraett,  vol.  I,  1898,  p.  434),  it  is  stated  that  caustic  soda 
solution,  when  employed  as  an  electrolyte  to  remove  the  tin  from  tinned 
iron,  removes  the  outer  metallic  tin  coating,  but  fails  to  attack  tho 
alloy  of  tin  and  iron,  a  layer  of  which  exists  under  tho  tin  uniting  it 
to  the  iron ;  and  the  iron  left  is  stated  to  have  but  little  commercial 
value  owing  to  its  contamination  with  tin. 

An  abstract  of  a  paper  by  A.  Zugger  {Chem.  Zeit.  Sep.,  1901,  vol. 
25,  series  16,  p.  143),  on  the  Influence  of  Tin  on  the  Quality  of  Iron 
and  Steel,  appeared  in  the  Journal  of  the  Society  of  Chemical  Industry, 
vol.  20,  1901,  p.  583,  which  states  that  observations  on  the  product  of 
a  basic  Siemens- Martin  furnace,  in  which  tin  was  accidentally  present, 
showed  that  a  metal  containing 

Tin 0*55  parts  per  cent. 

Antimony        •       ■  0*015    „  , 

Arsenio    •       •     '  .       e  0*030    „         „ 

Copper      .       •       »       .  0*182    „         „ 

rolled  quite  satisfactorily  to.  plates ;  on  further  rolling  to  sheet,  how- 
ever, cracks  began  to  develop  at  the  edges  of  the  sheet,  but  they  could 
not,  as  it  was  proved,  be  attributed  to  red  shortness.  Bars  roU^  from 
the  ingot  iron  folded  completely  over,  under  the  cold-bending  test,  and 
showed  a  tensile  strength  of  40  kilos.,  with  an  extension  of  31  to  34 
per  cent.  (The  length  of  the  test  piece  upon  which  this  elongation  was 
measured  is  not  stated  in  this  abstract.)  Hence  it  appears  to  be  proved 
that  the  presence  of  0*55  per  cent,  of  tin  does  not  affect  malleability, 
tenacity,  or  extensibility;  the  welding  qualities  at  most  are  impaired. 
Properly  stripped  tin  can  iu  fact  apparently  be  employed  for  steel 
making,  but  not  for  the  manufacture  of  wrought  iron. 

Tli«  Coat  of  Old  and  If  ow  flerap  Tin. — I  have  been  at  some  pains 
to  ascertain  the  price  at  which  both  new  and  old  scrap  tin  can  be  ob- 
tained, and  also  the  quantities  available.  Dr.  J.  H.  Smith,  in  his 
paper  before  the  Society  of  Chemical  Industry,  given  in  extenso  above, 
states  that  he  paid  2  francs  per  ton  for  the  cuttings  of  scrap  tin  ho 
treated,  and  he  kindly  wrote  mo  recently,  in  August,  1901,  stutlug 
that  this  price  was  paid  for  cartage  only  as  the  scrap  was  actually 
given  away  in  large  quantity  by  several  very  large  button  manufac- 
tories in  the  neighbourhood  of  Milan,  where  the  tin  recovery  works  were 

QO 
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situated.  Dr.  Smitk  Mates  tiiat  owing  to  an  inndBciencj  of  capital  to 
keep  the  fMstoiy  at  IQanworkmg  and  IxingittoaaaooeflBfal  iameit 
became  Iwnkrapt,  and  it  was  said  to  hare  been  sold  and  oonTerted  into 
anothfT  business.  Dr.  Smith  adds :  "  I  was  canvinoed  that  widi 
capital  bebind  it,  so  neietwnsry  toerery  form  of  mannfactming  basincs, 
the  result  would  hafo  been  entirely  satasfacUny,  and  I  stall  beHere 
that  under  the  oonditionB  then  existing  the  process  would  hsre  turned 
out  to  be  a  very  profitable  one.**  With  regard  to  this  remaric  I  must 
add  that  it  has  been  my  fortone  to  see  something  of  the  struggles  of 
two  syndicates  to  make  a  profit  out  of  tiie  fascinating  recovery  of  ti& 
from  tinned  scrap  by  different  processes,  neither,  howeTer,  eiectroljtic, 
and  both  of  these,  after  a  gallant  fight^  went  under,  one  with  a  loss  of 
orer  ;f  3,000  in  less  than  eighteen  months.  NeyertfaeleaB,  I  feel 
conTinoed  that  this  recovery  of  tm  can  be  performed  with  frniuifisl 
success,  but  in  my  opinioa  it  must  be  by  an  electrolytic  prooem  such 
as  I  have  sketched  above. 

My  friend,  Mr.  F.  W.  Harbord,  A.B.8.M.,  of  Cooper's  Hill,  who 
has  some  considerahle  experience  in  attempts  at  the  recovery  of  tin 
from  scrap  on  the  commercial  scale,  writes  to  me  that  in  Birmingfasm 
in  about  1891  he  could  purchase  new  scrap  at  the  rate  of  ten  tons  per 
week  at  a  price  at  the  works  of  the  makers  of  from  12s.  6d.  to  158.  per 
ton,  and  another  5s.  had  to  be  paid  for  collecting  and  cartage.  OM 
scrap  could  be  purchased  at  the  same  date  in  Birmingham  for  28.  6d. 
per  ton,  with  an  extra  5s.  per  ton  for  collection.  The  amount  of  old 
scrap  available  was  about  from  five  to  seven  tons  per  week.  Ur. 
Harbord  further  states  that  new  scrap  varies  very  much  in  price.  Mr. 
T.Twyman,  F.I.C.,  of  the  Talbot  Continuous  Steel  Company,  who 
has  also  had  a  large  experience  in  this  matter,  has  kindly  given  me  a 
good  deal  of  information,  and  he  tells  me  that  in  London  he  was  aUe 
to  obtain  old  tin  scrap  at  from  68.  to  78.  per  ton  delivered,  i.e.  carted 
a  short  distance,  carriage  being  the  principal  factor  determining  price. 
He  found  that  he  could  get  about  60  tons  per  week  of  this  old  tin  scrap 
from  firmH  in  the  East-end  of  London  alone ;  the  trade  being  laigely 
in  the  hands  of  one  man.  Tin  ruttings,  i.e.  new  scrap  tin,  fetched  a 
far  higher  price,  namely,  al)out  25s.  per  ton  in  London  in  1899. 
These  cuttings  are  nearly  all  shipped  abroad  to  Hamburg. 

Another  correspondent,  in  the  metal  trade  in  Birmingham,  vrrote  in 
September,  19OX,  stating  that  he  believed  that  new  tin  scrap  at  that 
date  in  Birmingham  varied  from  £i  to  £l  58.  f  .o.r.  Birmingbam. 
This  correspondent  also  states  that  ho  considers  the  percentage  of  tin  is 
average  new  tin  scrap  to  be  nearer  3  per  cent,  than  the  5  per  cent, 
found  by  Br.  Smith  in  the  scrap  obtained  in  Milan.  (See  p.  581.)  A 
fow  further  dctoilB  from  other  sources  concerning  the  price  and  avail- 
able amount  of  tin  scrap  will  be  found  on  p.  579  of  this  book. 


CHAPTER   VI. 

THE  ELECTROLYTIC  REFINING  OF  LEAD. 

Keith's  Electrolytic  Lead  Refining  Process  for  Base  Bullion— Tommasi's 

Electrolytic  Lead  Refining   Process. — Formation  of  Spong^y   Lead 

Richly  Argentiferous  Lead  Treated  by  Tommasi's  Proce88.~Refining 
Argentiferous  Lead  in  Lead  Nitrate  Solution. 


Bltetrolytle  »<lliring  of  Ii^ad.— X^itli'B  Fvocms.— Profe8N>r 
Keith,  of  New  York,  in  1878,  devised  a  procefls  for  the  electrolytic 
refining  of  impure  lead,  with  the  object  of  extracting  the  silver  and 
at  the  same  time  separating  the  lead  in  a  pure  metallic  state.  The 
process,  so  far  as  the  arrangements  of  the  baths  and  the  disposition  of 
the  anodes  and  cathodes,  is  the  same  as  in  Elkington's  copper-refining 
process.  In  base  bullion  the  chief  constituent  is  lead,  which  forms  at 
least  90  per  cent,  of  the  mass.  To  separate  this  from  the  silver,  anti- 
mony, arsenic,  &c.,  by  electricity,  many  electrolytes  were  tried,  in- 
cluding nitrate  of  lead  ;  but  since  the  nitric  acid  set  free  would  also 
dissolve  the  silver  from  the  bullion  anodes,  this  was  not  found  to  be  a 
suitable  electrolyte;  sulphuric  acid,  which  dissolves  lead  in  small 
quantity,  but  the  sulphate  of  lead  formed  became  precipitated  in  the 
solution,  while  no  metallic  lead  was  deposited  upon  the  cathode. 
After  having  tried  all  the  known  salts  of  lead  in  varying  combinations. 
Professor  Keith  finally  obtained  several  solutions  which  would  serve  as 
more  or  less  perfect  electrolytes  for  lead,  and  it  was  to  his  success  in  this 
direction  that  the  apparent  practicability  of  his  processes  was  due.* 
The  electrolyte  which  he  found  most  successful,  and  which  was 
accepted  as  the  best  for  the  electrolytic  treatment  of  lead,  consisteil  of 
acetate  of  soda,  about  i  J  pounds  to  the  gallon,  in  which  2^  to  3  ounces 
of  sulphate  of  lead  were  dissolved.  The  bullion-plates  or  anodes  were 
thinner  than  those  used  in  electrolytic  copper  refining,  being  only  from 
Jth  to  I'^ths  cf  an  inch  in  thickness.  A  plate  of  bullion  15  by  24 
inches  of  this  thickness  weighs  about  20  pounds.  Before  being  put 
into  the  vats  a  muslin  bag  is  drawn  over  each  bullion -plate,  the  object 
being  to  prevent  the  residues  (silver,  &c.)  from  falling  to  the  bottom 

*  This  process  was  carried  on  by  the  Electro  Metal  Refining  Companvj 
Kew  York,  but  has  since  been  discontinued. 
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of  the  Tat.  The  lead  is  intended  to  aocumohite  on  the  bottom  of  the 
vatB,  and  by  the  above  arrangements  the  impurities  are  prerentod 
from  mixing  with  the  deposited  metal. 

The  muslin  employed  to  enclose  the  anodes  is  fine  enough  to  prcTcnt 
the  fine  particles  of  residue  from  being  washed  through  by  ag^tatum 
of  the  solution,  while  the  liquid  is  freely  diffused  between  the  inado 
and  outside  of  the  bags,  and  the  resistance  not  perceptibly  increasHi. 
The  diffusion  of  the  liquid  by  agitation  is  absolutely  necessary,  siiico 
the  lead  becomes  dissolyed  as  sulphate  by  electrolysis,  and  this  sulphate 
must  diffuse  itself  in  the  liquid  to  replace  the  sulphate  decomposed  at 
the  cathode  to  deposit  metallic  lead.  If  the  diffusion  were  to  take 
place  too  slowly,  in  a  short  time  the  amount  of  lead  present  in  the 
solution  outside  the  bag^  would  be  too  little  to  satisfy  the  depositing 
power  of  the  current,  and  hydrogen  would  be  evolved,  followed  bj 
polarisation.  If  the  solution  be  constantly  agitated,  therefore,  a  much 
stronger  current  may  be  employed  without  danger  of  polariaatioi]. 
Heating  the  solution  also  favours  the  diffusion,  while  at  the  same  time 
it  materially  reduces  the  resistance ;  it  is,  therefore,  usually  heated  to 
about  loaP  Eahr.  During  working  the  solution  is  msintained  in  a 
neutral  state ;  if  allowed  to  become  alkaline,  the  alkali  (in  this  case 
soda)  becomes  decomposed,  furnishing  oxygen  to  the  anode  and  per- 
oxidising  the  lead  thereon,  while  hydrog^  is  evolved  at  the  cathode 
and  produces  polarisation,  irrespective  of  the  diffusion  of  the  solution. 

In  working  the  above  solution  there  is  no  polarisation,  provided  the 
liquid  is  kept  in  a  normal  condition ;  the  lead  is  dissolved  from  the 
anodes,  and  an  exact  equivalent  of  metal  is  deposited  on  the  cathodes, 
and  gathers  as  a  crystalline  coherent  layer.     In  some  cases,  after  the 
layer  becomes  sufficiently  thick,  it  rolls  off  the  surface  of  the  cathodes 
and  falls  to  the  bottom  of  the  vat ;  sometimes,  however,  the  cathodes 
require  to  be  gently  scraped  to  remove  the  deposited  metal.  When  the 
lead  is  all  electrolysed  from  the  bullion-plates  (anodes),  the  impurities 
alone  remain  in  the  bags,  and  these  usually  constitute  about  5  per  cent, 
of  the  whole  mass.  If  the  bag  containing  the  anode  be  carefully  removed, 
{t  will  bo  found  that  the  anode  has  changed  but  little  in  appearance ; 
it  has  a  bright  metallic  aspect  with  a  display  of  iridescent  colour,  and 
appears  as  if  it  had  undergone  no  action ;  if  the  plate  be  touched, 
however,  it  yields  to  the  finger  like  blue  clay,  to  which  it  bears  some 
resemblance.    This  is  the  residuum,  in  which  may  be  seen  here  and 
there  small  frag^nients  of  lead  which  had  become  detached  from  the 
anode  as  it  grew  thinner.     The  residuum  is  immersed  in  water,  and  the 
scraps  are  washed  from  the  **  mud,"  which  then  deposits  in  a  clayey 
mass,  leaving  the  water  perfectly  clear ;  the  scraps  are  afterwards  re- 
melted  and  recast  into  plates.    The  deposited  lead  is  drawn  out  from 
the  vats  at  convenient  intervals,  and  after  washing  to  free  it  from  the 
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eolation  which  attaches  to  it,  it  Im  dried  quioklj-,  and  either  pressed 
into  **  Blugfi,*'  or  otherwise  melted  at  a  low  heat  and  oast  into  pigrs. 
The  residue,  which  contains  the  silver  and  gold  besides  the  impurities, 
as  arsenic,  antimony,  &o.,  is  treated  by  a  special  process,  which  is 
thus  described  by  Professor  Keith : — 

**  In  laying  out  our  plan  of  procedure,  we  must  first  consider  the 
conditions  and  liabilities.    These  may  be  formulated  thus : — 

**i.  It  is  a  wet  powder,  and  must  be  dried. 

**  2.  The  oxidisable  constituents  must  be  oxidised. 

*'  3.  It  must  be  mixed  with  fluxes  and  fused. 

**  4.  Antimony  and  arsenic  are  volatile,  and  carry  off  in  vaporising, 
mechanically  or  otherwise,  silver,  and  perhaps  gold.  It  is  absolutely 
necessary  to  get  all  the  gold  and  silver,  and  as  pure  as  possible,  though 
they  may  be  alloyed  together.  It  is  obvious  that  drying  the  powder 
and  roasting  it  in  a  reverberatory  furnace  will  cause  a  great  loss  in 
silver  from  volatilisation  with  arsenic  and  antimony,  besides  loss  of 
powder  carried  off  by  the  draught.  Its  roasting  needs  most  careful 
treatment,  as  from  the  easy  fusibility  of  antimony,  massoH  of  alloy 
may  be  formed  which  cannot  be  practically  oxidised.  Recog^nifdng 
these  conditions  and  difficulties,  the  plan  of  proceeding  is  this :  After 
having  removed  the  powder  from  the  filters  while  it  is  still  wet,  it  is 
mixed  with  the  proper  quantity  of  nitrate  of  soda,  when  it  may  be 
dried  without  loss  of  dust,  as  the  nitrate  cements  the  whole  togeUier. 
When  sufficiently  dry  it  is  placed  in  crucibles  for  fusion.  These  are 
cautiously  heated  :  the  nitrate  decomposing  gives  oxygen  to  the  anti- 
mony, arsenic,  copper,  iron,  &c.,  tlius  forming  teroxide  of  antimony, 
arsenious  acid,  and  oxides  of  copper,  iron,  &o.  The  soda  combines 
with  the  teroxide  of  antimony  and  the  arsenious  acids,  forming  anti- 
moniate  of  soda  and  arsenite  of  soda,  which  are  fusible ;  a  little  borax 
added  makes  the  slag  more  liquid  when  the  oxides  of  iron  and  copper 
are  present.  A  button  of  pure  gold  and  silver  coUeots  at  the  bottom 
of  the  crucible.  Now,  though  antimony,  arsenic,  and  arsenious  acid 
are  volatile,  antimoniate  of  soda  and  arsenite  of  soda  are  not,  so  there 
can  be  no  loss  from  their  volatilisation.  Nitrate  of  potash  may  be 
substituted  for  the  soda  salt  with  the  same  effect.  This  slag  of  anti- 
moniates  and  arsenites  can  be  utilised  in  the  following  manner  :  When 
treated  with  hot  water  the  arsenite  of  soda  or  potash  is  dissolved,  and 
the  antimoniate  remains  undissolved,  together  with  the  oxides  of 
copper  and  iron.  The  arsenite  of  soda  or  potash  is  obtained  by  crys- 
tallisation, and  finds  its  use  in  dyeing,  colour-making,  &c. ;  or  metallic 
arsenic  may  be  obtained  from  it  by  sublimation.  Antimony  may  be 
obtained  from  the  residue  by  mixing  it  with  charcoal  and  melting 
in  a  crucible.  No  copper  or  iron  need  be  reduced  with  the  antimony 
with  proper  care,  but  if  they  are,  they  may  be  removed  by  subsequent 


598  ELEOTROLTnO   BBFININO   OF   LB4D. 

fusion  with  some  terozide  of  antimony.  Perhaps  it  will  not  be  f oimd 
profitable  to  carry  the  utilisation  farther  Ihan  to  save  the  antimoDj 
and  arsenic." 

In  this  process  the  anode  plates  are  cast  thin,  becanse  the  speed  at 
which  the  electrolysis  can  be  pushed  is  limited  by  the  rate  of  diflaaian 
of  the  sulphate  of  lead  through  the  bag^,  as  before  explained.  In 
practice  it  was  found  that  with  plates  15  by  24  inches,  the  rate  of  the 
electrolytic  transfer  of  lead  was  from  i^  to  2  ounces  of  lead  per  hour, 
and  a  plate  of  this  size,  weighing*  20  pounds,  wotdd  therefore  require 
from  six  to  eight  days.  With  plates  twice  as  thick,  or  J  of  an  inch, 
it  would  last  twice  as  long,  and  to  make  a  given  return  per  day,  the 
amount  under  treatment  would  require  to  be  greater.  Latg«r  and 
thinner  plates  would  be  electrolysed  more  rapidly.  The  electrolyte 
does  not  become  changed  by  continued  use.  Iron  and  zinc,  if  present 
in  the  bullion,  become  dissolved  and  remain  in  solution,  but  this  does 
nut  impair  its  efficiency.  A.  small  quantity  of  sulphate  of  lead  added 
to  the  bath  will  correct  any  defect  from  this  cause ;  moreover,  the  sul- 
phate of  iron  becomes  gradually  oxidised,  and  sesquioxide  of  iron  rises 
to  the  surface,  which  may  be  skimmed  off. 

The  chief  object  in  the  treatment  of  lead  base  bullion  is  the  separa- 
tion of  the  silver  from  the  lead,  which  by  the  old  or  dry  method  is 
not  only  costly  but  imperfect,  while  the  presence  of  antimony  and 
other  impurities  greatly  influences  the  facility  of  such  treatment.  In- 
deed, some  varieties  of  bullion,  containing  antimony  in  large  propor- 
tions, are  so  refractory  that  in  many  cases  they  cannot  be  separated 
with  profit.  By  this  process,  however,  the  silver  and  lead  are 
directly  separated,  whether  antimony  be  present  in  the  bullion  in  large 
or  small  quantities,  while  at  the  same  time  this  metal  is  also  saved, 
and  can  be  sold  at  the  market  value.  All  the  lead  is  recovered  with 
the  exception  of  a  trifling  percentage  lost  by  vaporisation,  oxidisation, 
&c.,  because  the  bullion  is  only  heated  sufficiently  to  be  melted  and 
cast  into  plates,  instead  of  being  repeatedly  heated,  as  in  the  old  pro- 
cess. Ag^in,  all  the  gold  and  silver  are  saved,  while  the  lead  is 
obtained  in  an  almost  perfectly  pure  state — an  important  advantage  in 
the  electrolytic  method  of  treatment.  A  sample  of  Keith's  electrolytic 
lead  was  found  on  analysis  to  contain  only  '000068  per  cent,  of  silv^', 
or  -02  ounce  per  ton,  while  only  traces  of  antimony  and  arsenic  could 
be  detected,  though  a  large  quantity  was  used  for  analysis ;  there  was 
no  copper,  though  there  had  been  some  in  the  bullion.  The  presence 
of  the  small  quantity  of  silver  was  believed  to  be  due  to  cardessly 
handling  the  bags  covering  the  anodes,  by  which  small  particles  of  the 
residue  washed  out  into  the  bath,  and  finally  deposited  with  the  lead 
at  the  bottom  of  the  vat.  The  bullion  from  which  this  lead  was  elec- 
trolysed was  also  submitted  to  analysis,  with  th^  following  result :— 
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Lead 96-36 

Sflyer  (161*7  oances  per  ton)         .  '5544 

Copper '315 

Antimony  ' 1*07 

Anenic 1*22 

Traces  of  zinc  and  iron,  nndetormined 

matter,  and  lose     ....  '4806 
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Although  this  ingenious  process  is  not  now  being  worked,  there  is 
much  in  its  details  that  is  instmctiye,  and  may  serve  as  a  guide 
to  the  experimentalist  in  his  researches  in  the  electrolytio  treatment  of 
lead — a  successful  process  for  which  we  may  yet  hope  will  be  discovered. 
Mr.  Williams*  thus  describes  the  arrangements  formerly  adopted  for 
carrying  out  the  process  by  the  Electro  Metal  Befining  Company  of 
Rome,  New  York,  who  were  the  owners  of  Professor  Keith's  pateoitB. 
The  process  was  first  developed  on  a  comparatively  moderate  scale  as 
follows : — "  In  this  plant  there  were  4  vats  10  feet  long,  2  feet  wide, 
and  3  feet  6  inches  deep,  made  of  wood,  and  covered  with  pitch  with- 
out and  within  to  make  them  watertight.  Copper  rods  i  inch  square, 
resting  on  the  edge  of  each  tank,  served  as  oonductors  for  the  current. 
The  anodes  and  cathodes  rested  on  these  conductors  by  means  of  hooks 
projecting  from  their  upper  margin.  A  piece  of  paper  was  placed 
between  the  hook  of  each  anode  and  the  conductor  on  one  side,  so  as 
to  prevent  contact,  while  the  cathodes  were  also  insulated  in  like 
manner  from  the  other  conductor.  There  were  about  40  anodes  and 
as  many  cathodes  in  each  tank.  The  tanks  were  connected  in  series 
to  a  Weston  dynamo-electric  machine  for  electro-deposition,  haying 
an  electromotive  force  of  about  i  volt,  and  a  very  low  resistance.  A 
circulating  and  heating  apparatus  was  also  provided  as  follows :  The 
solution  was  allowed  to  run  off  from  a  gutter  at  one  end  of  each  tank, 
and  was  thence  conveyed  to  a  tub,  from  which  it  was  pumped  up  into 
a  cask  placed  higher  than  the  tanks.  From  the  bottom  of  this  cask 
was  a  delivery-pipe  which  subdivided  into  four  smaller  pipes,  one 
extending  along  the  bottom  of  each  tank.  These  small  pipes  were 
perforated  with  numerous  holes,  through  which  the  solution 
entered  the  tank.  In  the  cask  a  copper  still-worm  was  placed, 
which  was  heated  by  steam.  Thus  the  solution  was  agitated  and 
heated  at  the  same  time.  The  weight  of  each  plate  (15  by  24  by 
i  inches)  being  about  20  pounds,  the  amount  under  treatment  was 
consequently  160  (plates)  X  20  =  3,200  pounds.  At  the  rate  of  i^ 
ounces  per  plate  per  hour,  which  was  the  average  of  working,  the 

ft  «  Qeological  Survey  of  the  liesources  of  the  United  States." 
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deposit  was  360  pounds  per  day  of  twenty-four  horns.  It  will  be 
readily  understood  that  tiie  machine  can  be  worked  by  nigbt  as  wdl 
as  by  day.  At  this  rate  a  plate  would  be  exhausted  in  somew^hat  less 
than  nine  days.  In  practice  the  plates  are  not  all  exhausted,  how- 
over  ;  there  always  remain  small  pieces  which  become  detached  from 
the  rest  of  the  plate.  The  weight  of  these  scraps  would  average  about 
I  pound,  though  in  this  case  many  of  the  plates  were  cracked  to  begin 
with,  and  did  not  hold  out  weU  for  this  reason. 

The  company  subsequently  fitted  up  a  more  extensive  plant  at 
Rome,  New  York,  which  is  thus  described :  **  The  works  are  in  a  one- 
storey  building,  150  feet  by  50  feet,  of  which  the  working  capacity 
(three  tons  per  day)  requires  only  one-third  the  space.  The  casting  of 
the  bullion-plates  is  done  by  means  of  a  casting  machine,  or  system 
of  mechanical  moulds  rotating  around  a  centre,  and  passing  succes- 
sively under  the  spout  of  tho  melting  fomace.  There  are  twelve 
moulds,  each  holding  at  its  upper  part  two  thin  strips  of  copper  per- 
forated with  holes.  When  the  lead  is  poured  into  the  mould  it  fillfi 
these  holes,  and  the  strips  form  suspension  logs  and  connectioas  at 
the  same  time.  At  the  side  of  the  revolving  system  opposite  from  the 
furnace,  the  plates  are  taken  away  by  a  boy,  who  replaces  other  copper 
strips  and  closes  the  mould  ag^ain  ior  another  round.  A  man  and  a 
boy  wiU  make  180  plates  per  hour.  Each  plate  is  24  inches  by  6  inches 
by  i  inch,  and  weighs  8  pounds.  The  plates  are  hung  from  a  frame 
and  carried  by  an  overhead  railway  to  the  vats,  l^ere  are  thirty 
circular  vats,  made  of  a  kind  of  concrete  mixture.  Each  vat  is  6  feet 
in  diameter,  40  inches  high,  and  has  a  central  core  or  pillar  2  feet  in 
diameter,  and  equal  in  height  to  the  vat. 

**  The  cathodes  consist  of  thirteen  circular  hoops  or  bands  of  aheet 
brass,  two  feet  high,  and  arranged  concentrically  two  inches  apart. 
The  plates  of  buUion  are  lowered  between  these  circular  cathodes. 
The  anode  frame  or  bullion  carrier  has  twelve  consecutive  rings  of 
brass,  2  inches  wide  and  i  inch  thick,  also  arranged  two  inches 
apart.  Kivet  heads  of  copper  project  from  these  rings,  and  the 
bullion-plates  are  suspended  to  these  by  the  eye-holes  in  the  sus- 
pension lugs.  Each  frame  will  receive  270  bullion-plates,  making 
a  total  weight  of  bullion  about  2,100  pounds  per  vat,  or  sUghtly  over 
one  ton.  Tlie  carrying  power  of  the  overhead  railway  is  3,000  pounds. 
The  Holution  is  allowed  to  overflow  from  the  vats  by  a  small  gutter  to 
the  floor,  which  is  of  concrete,  and  grooved  with  gutters  that  lead  to 
cisterns  at  the  end  of  the  building,  which  have  a  capacity  of  3,coo 
gallons,  whence  it  is  pumped  by  a  centrifugal  pump  to  an  overhead 
tank,  where  it  is  heated  by  a  system  of  steam  pipes  to  100°  Fahr., 
automatic  electrical  regulation  of  the  temperature  being  secured  by 
a  special  device.    From  this  tank  the  solution  is  distributed  to  the 
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▼ats  hy  a  system  of  pipes.  An  Edison  dynamo-electrio  machine, 
constructed  specially  for  this  purpose,  is  used  to  furnish  the  cur- 
rent. This  machine  has  an  dectromotive  force  of  ten  volts,  and  an 
internal  resistance  of  -005  ohm,  and  produces  the  enormous  volume 
of  current  of  2,000  amperes.  This  current  wiU  nevertheless  be  en- 
tirely safe  to  the  employes  on  account  of  its  very  low  electromotive 
force. 

*  *  The  vats  are  connected  in  series,  and  the  power  used  by  the  machine 
does  not  exceed  10  horee-power  for  30  vats.  The  vats  are  charged 
in  rotation,  three  per  day,  and  on  the  tenth  day  the  first  three  axe 
renewed,  after  which  the  renewal  is  kept  up  in  the  same  order.  In 
this  way  three  tons  are  put  under  treatment  every  day,  and  three 
tons  refined  and  returned.  The  anode  carriers  can  be  rotated  around 
the  core  of  the  vat  as  a  centre,  and  tibey  carty  mechanical  fing^ers 
which  scrape  the  surface  of  the  cathodes  by  the  motion.  By  remov- 
ing* a  ping,  each  vat  may  be  rapidly  emptied,  and  the  crystidline  lead 
shovelled  out.  This  lead  is  washed  in  water  and  placed  in  a  centri- 
fngfal  dryer,  after  which  it  is  melted  under  oil  or  other  reducing 
material,  to  expel  the  remaining  traces  of  moisture  without  oxidation, 
and  it  is  then  ready  for  the  market.  In  this  establishment  there 
are  ovens  and  mufSes,  &c.,  for  assay  purposes  and  for  reducing 
residues.  These  residues  are  washed  in  water,  and  the  water  run 
through  a  sieve  to  take  out  the  scraps  of  bullion ;  they  are  then  allowcu 
to  settle,  alter  which  the  water  is  decanted  and  the  residuum  dried." 

TommaBl's  VrocMa  of  &«ad  B^flalag. — ^This  process  was  first 
described  by  Dr.  Tommasi  in  Compta  Rendut,  1896,  vol.  122,  p.  1476, 
and  the  following  description  is  taken  with  a  few  modiflcationB  from 
an  undated  pamphlet  describing  it,  which  was  circulated  somewhere 
about  1898  by  a  French  Syndicate,  who  were  running  the  process 
commercially.  The  address  of  thus  Syndicate  was  6,  Rue  des  Im- 
meubles  Industriels,  Place  de  la  Nation,  Paris. 

'*  The  Tommasi  Electrolyser  (Figs.  146,  147,  148,  and  149),  con- 
sists of  a  rectangular  tank  </,  in  which  is  placed  two  anodes  pp^  and 
between  them  the  cathode  c,  the  latter  being  a  metallic  disc  mounted  on 
a  gun-metal  spindle,  and  capable  of  being  rotated.  Only  a  part  of  the 
disc  is  submerged  in  the  bath,  so  that  as  it  rotates  it  passes  through  the 
electrolyte  and  then  out  into  the  air.  The  part  of  the  disc  which 
oTnerg^en  from  the  liquid  passes  between  two  scrapers,  0,  whose  duty  it 
iM^  not  only  to  scrape  off  the  spongy  deposit,  but  also  to  depolarise  the 
surface  of  the  disc.  (This  depolarising  action  is  assumed  to  consist  in 
the  removal  of  deposited  metallic  lead,  and  with  it  any  hydrogen 
which  may  have  been  deposited  with  it  on  account  of  a  high  current 
density  being  employed.  The  actuality  of  this  claimed  advantage 
appears  to  me  to  be  more  than  doubtful. — A.  P.) 
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The  anodes  can  be  either  in  the  foim  of  plates  or  of  coarse  powder. 
When  nsed  in  a  g^rannlar  state  the  compounds  are  simply  packed  in  a 
perforated  ceoeptacle,  in  the  centre  of  which  a  metallic  plate,  to  act  as  a 
condnctor,  has  previously  been  placed.  To  make  sure  that  the  contact 
is  good  between  the  granular  pieces  and  the  conductors,  a  similar 
metallic  plate  is  placed  at  the  bottom  of  the  receptacle  in  which  they 
lie.  In  the  larger  form  of  electrolysers  the  anodes  are  made  np  of  two 
or  more  parts  to  permit  of  their  being  withdrawn  and  replaced  when 
necessary,  without  having  to  disturb  the  disc  cathode.  The  disc  in 
made  all  in  one  piece,  when  the  metal  to  be  recovered  is  deposited  in  a 
spongy  or  loose  crystalline  state ;  it  is,  however,  made  in  several  inter- 
changeable sections  when  the  metal  is  deposited  in  a  compact  state. 


Fig.  146. 


The  sections  of  which  the  cathode  is  bmlt  up  are  fixed  to  the  spindle 
by  means  of  bolts  and  screws  which  can  be  unfastened  when  it  is 
desired  to  remove  or  replace  any  of  the  parts.  When  the  sections  are 
coated  with  a  sufficiently  thick  layer  of  metal,  they  are  withdrawn  by 
a  travelling  block  and  fall,  suspended  above  the  electrolysers,  and  are 
C4irried  over  a  bath  of  molten  metal,  similar  to  that  deposited  on  the 
sections,  and  into  this  they  are  dipped ;  the  electro-deposited  coating 
is  melted  off  into  the  bath,  and  the  sections  can  then  be  once  more 
returned  to  the  electrolysing  vats  in  order  to  receive  a  fresh  deposit. 
(The  Tommasi  electrolyser,  as  will  be  understood  from  the  above 
description,  is  intended  for  the  treatment  of  all  kinds  of  metal,  but  it 
is  clearly  more  adapted  to  the  treatment  of  lead  deposits  than  to  oth^r 
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metalu,  and  the  pamphlet  fnun  which  this  deaoiiption  is  taken  chiefly 
refeni  to  its  use   for   Qiia  low-meltdng-pomt   metal. — A.P.)      The 
principle  upoD  which  the  Tommasi  proceea,  when  applied  to  the  refining 
of  metallic  leud,  ia  based,  conaiBte  in  eleotTolymne:  b  «otutioii  of  a  lead 
salt  which  not  only  hmi  a,  very  low  electrical  redaiance,  but  also  is  of 
fiiich  a  character  tiiat  the  formatiaii  of  lead  peroxide  on  the  anode  ia 
prerented.     It  ie  of  couree  well  known  that  the  electrolysii)  of  lead 
Boladona  neoriy  alwaye  oansee  the  deposition  of  peroxide  of  lead  on 
tiie  anode,  thus  polarising  the  electrolytic  call,  and  giving  rise  to  a 
watte  of  energy  whilst  the  current  is  passed,  which  otherwise  would 
not  occur.    That  is,  for  a  given  durent  density  in  thu  electrolytio  vat 
a  larger  e.  m.  t.  must  be  supplied  by  the  dynamo  per  vat,  if  the  lead 
peroxide  is  formed,  than  would  be 
required  if   this  did  not  happen. 
The  electrolytic  eolution  used  con- 
aista  of  a  mixture  of  acetate  of  lead 
with  acetate  of  Bodiun  or  potas- 
gimn  dissolved  in  water,  and  to  this 
is   added   ' '  eerlain   miiUmeii,   the 
nature  of   tehich   U   kept    teeret." 
(The  function  of  these  se<set  ma- 
traiaU  is  undoubtedly  tiut  of  pre> 
venting  the  formation  of  the  lead 
peruxida   on  the  anodes,  and  the 
material  or  materials  probably  con- 
sist of  some  reducing  organio  com- 
pound which  reduces  the  lead  per- 
oxide (or  rather  prevent  its  ever 
being  formed),  and  ia  iteelf  oxidised. 

The  importancM  of  this  action  was  ^"K-  '<7- 

recognised    by    Keith   many   years 

previously,  and  he  found  that  if  organic  acid  salie  of  lead  vrere  used 
with  moderate  current  density  and  constant  circulation  of  the  deo- 
trolyte  no  polarisation  of  the  anode  dne  to  the  formation  of  le«d 
peroxide  took  place,  but  neverUielesB  the  oiganic  acid  pKsent,  namely, 
acetic  acid,  was  gradually  oxidised  into  water  and  carbonic  acid,  and 
thus  removed  from  action,  a  lose  of  add  which  naturally  had  to  be 
made  good  later.  WbateTer  may  be  the  nature  of  the  aubetance 
employed  by  Tommasi  for  preventing  the  formation  ol  lead  per- 
oxide, it  appears  that  it  must  be  unavoidably  consumed  in  the  course 
of  the  electrolysiB,  and  the  cost  of  its  renewal  mnst  therefore  be  con- 
sidered in  the  calculation  of  expenses  involved  in  this  process  of 
Feflnin^r  lew!.— A.  P.] 
Commas,  in  deacrilong  his  method  of  te&uDg,  further  states  that 
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the  lead  anodes  become  dissolved  by  the  cunent,  and  the  metal  is 
deposited  in  the  form  of  spongy  crystals  on  the  cathode  disc,  whereas 
all  the  silver  in  the  alloy,  being  insoluble  in  the  bath,  falls  to  the 
bottom  of  the  elfsctrolyner,  and  is  caught  in  a  perforated  receptacle 
placed  there  for  the  purpose.  In  the  event  of  there  being  antimony 
and  arsenic  present  with  the  silver,  they  may  be  separated  from  it  by 
fusion  in  a  crucible  with  a  mixture  of  borax  and  sodium  nitrate.  The 
antimony  and  arsenic  are  converted  into  antimonate  and  arsenate  of 
sodium  respectively,  and  all  the  silver  remains  in  the  metallic  state. 
The  details  of  working  are  described  by  Tommasi  as  follows : — The 


Fig.  148. 


argentiferous  lead  is  melted  and  cast  into  suitable  moulds.  The  half 
anodes  (each  anode  is  made  in  two  parts)  are  attached  to  four  metal 
rods  placed  at  the  top  of  the  electrolyser,  each  provided  with  a  screw 
and  bolt.  Tliese  are  in  connection  with  the  positive  pole  of  the 
dynamo.  The  anodes  are  so  held  that  it  is  potiisible  to  keep  them 
at  a  fixed  distance  from  the  cathode  disc,  but  at  the  same  time  it 
is  possible  to  gradually  bring  them  closer  and  closer  to  the  cathode,  as 
the  anodes  are  gradually  dissolved  away.  In  some  oases  the  distance 
between  the  electrodes  can  be  reduced  to  as  little  as  2  or  3  cms. 
Contact  with  the  cathode  disc  is  made  by  means  of  a  metallic  bmah 
rubbing  on  the  spindle.    Th^  cathode  disc,  which  maket  from  one  to 
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two  revolutioiis  per  minute,  is  for  large  plants  as  much  as  3  metres 
(=  9*84  ft.)  in  diameter,  and  is  made  of  aluminium,  bronze,  or  of 
uickellod  iron.  It  may  also  be  made  of  copper  or  even  of  sheet  iron. 
As  soon  as  the  current  is  turned  on,  the  lead  commences  to  be 
deposited  on  the  disc  in  the  shape  of  spongy  crystals.  When  the 
deposit  of  lead  is  considered  to  be  of  sufficient  thickness,  and  it  is 
thought  advisable  to  remove  it,  the  current  is  switched  oS,  and  the 
scrapers  are  applied.  (From  tliis  statement  it  appears  that  the  process 
is  not  strictly  continuous,  although  from  otlier  statements  which  have 
been  published  concerning  the  methods  employed,  the  lead  is  appar- 
ently continuously  scraped  away  from  that  portion  of  the  anode  disc 
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above  the  vat,  whilst  it  is  continuously  deposited  upon  the  portion  of 
the  disc  in  the  electrolyte,  and  the  disc  is  kept  elowly  rotating 
throughout  the  whole  proceos.  Which  of  these  methods  is  actually 
employed,  or  if  both,  is  of  some  imjwrtance  in  arriving  at  a  correct 
estimate  of  the  cost  of  working. — A.  P.) 

The  scrapers  which  are  employed  to  remove  the  lead  consist  of  two 
brass  or  aluminiiun-faronze  plates,  which  by  a  simple  mechanism  can 
be  brought  dose  up  against  the  disc  or  withdrawn  as  is  desired.  They 
are  shown  in  Figs.  14K  and  149.  By  the  tuition  of  the  scrapers  the  lead 
is  detached  and  falls  into  suitable  gutters  or  channels,  by  which  it  is  led 
to  a  sieve  of  metallic  gauze.  (The  mechanism  by  which  tliis  leading  off 
of  the  metallic  scrapings  along  the  gutters  is  effected  is  not  described 
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in  any  way. — A.  P.)  The  lead  ib  then  washed  with  distilled  watei  and 
submitted  to  great  pressure,  and  the  liquid  which  exudes  is  collected 
with  the  washings,  which  are  then  all  evaporated  down  to  a  solntaon 
of  a  density-  of  30  degreen  Baume.  It  is  then  allowed  to  cool,  and  is 
pumped  back  into  the  eleotrolTsers.  The  compressed  lead  is  heated  in 
a  orudble  with  2  to  3  per  oent.  of  charcoal  powder,  and  is  cast  into 
ingot  moulds.  When  the  anodes  are  dissolved  they  can  be  replaced  by 
fresh  ones,  and  the  silver  which  has  fallen  to  the  bottom  of  the  tank 
oan  be  collected.  To  do  this  the  disc  is  raised  by  suitable  means  (It 
must  be  lemembered  that  this  disc  of  the  size  recommended  weighs 
well  over  a  ton  and  a  half. — ^A.  P.),  and  the  perforated  receptacle  or 
tray,  which  has  been  placed  at  the  bottom  of  the  tank  at  the  beginning 
of  the  operation,  is  raised,  and  the  deposited  silver  sludge  is  cleaned 
out. 

Tommasi  oontmues : — ^Theoretically,  the  extraction  of  silver  from 
argentiferous  lead,  or,  as  it  is  most  gfenerally  called,  the  refining  of  lead 
by  means  of  the  electric  current,  does  not  demand  any  consumption  of 
energy.  (This  is  only  approximately  true  ;  firstly,  if  there  is  no  back 
e.  m.  f .  from  the  electrodes,  i.e.,  if  both  the  anode  and  cathode  have 
surfaces  of  identically  the  same  chemical  constitution ;  and  secondly,  if 
the  current  density  is  excessively  small,  say  a  small  fraction  of  an  ampere 
per  square  foot  of  cathode  surface.  This,  of  course,  would  involve,  for  a 
given  yearly  output  of  lead,  an  enormously  large  factory  space  and  an 
immense  capital  outiay  in  vats,  solution,  lead  anodes,  and  refinery 
buildings. — ^A.  P.)  The  amount  of  heat  evolved  by  the  solution  of  a 
molecule  of  lead  as  acetate  is  exactiy  the  same  as  that  absorbed  by  the 
setting  free  of  a  molecule  of  lead  from  the  same  salts.  The  enexgy 
which  is  employed,  if  there  is  no  back  e.  m.  f .,  is  used  solely  in  the 
resistance  of  the  electrolyte  and  leads.  In  short,  if  it  were  possible  to 
do  away  with  the  electrical  resistance  of  the  electrolyte,  and  suppress 
the  polarisation  of  the  electrodes,  the  electrolysis  of  any  salt  using  a 
soluble  anode  made  of  the  same  metal  as  that  contained  by  the  salt  in 
solution  would  take  place  with  practically  no  expenditure  of  ^lergy. 

And  the  writer  of  this  pamphlet  adds :  *  *  To  the  important  advantages 
of  this  process  already  mentioned  there  is  one  other,  none  the  less 
important,  to  be  added,  viz.,  the  oomposition  of  the  electrolyte.  As  a 
matter  of  fact  it  is  not  easy  to  choose  a  good  bath,  particularly  for 
refining  lead,  for  that  bath  must  satisfy  certain  conditions  on  whidi 
depend  to  a  great  extent  the  success  of  the  operation.  These  con- 
ditions are: — (i)  The  resistance  must  be  very  low;  (2)  During  the 
progress  of  the  electrolysis  there  must  be  no  crystalline  or  amorphous 
deix)sit  on  the  electrodes ;  (3)  The  lead  deposited  must  be  in  such  a 
state  as  to  adhere  sufficientiy  so  as  not  to  fall  off,  yet  not  so  strongly  as 
not  to  be  taken  off  by  means  of  the  scrapers ;  and  (4)  It  should  dissolve 
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oat  the  lead  only  without  attacking  the  ailver  contained  in  the  alloys 
These  conditions  aie  fulfilled  by  the  use  of  an  electrolyte,  the  composi- 
tion of  which  has  been  g^ven  above."  (It  would  be  more  correct  to  say 
**  the  composition  of  which  has  not  been  given  above." — A.  P.) 

The  following  figures  are  stated  by  Tommasi  to  represent  the  best 
results  of  a  large  number  of  experiments.  Presumably  the  first  set 
refer  to  a  small  installation,  although  the  details  of  cost,  etc.,  are  not 
worked  out. 

Dbiailb  of  Shall  InstauiATion  (P) 


Number  of  disc  cathodes 
Diameter  of  disc 
Thickness  of  disc     . 
Height  of  disc  above  electrolyte 
Surface  of  the  disc  submerged 
Material  of  which  disc  is  made 
Revolutions  of  disc 
Number  of  anodes  .       .        . 
Thickness  of  anodes        •       . 
Composition  of  anodes  .       . 
Distance  between  anodes 
Distance  between   anode  and 
cathode      .... 
Composition  of  electrolyte      • 

Current  •  .  •  •  • 
Besistanoe  of  bath  .  .  • 
E.  M.  F.  required  .        • 


imetre  (  s  3-28  feet). 

3  mm.  (=s  0*08  inch). 
40  cm.  (»  1*312  feet). 
2,910  sq.  cm.  (=  451  Bq.  in.). 
Copper  or  sheet-iron. 

One  per  minute. 

2 

X  cm.  (ss  o*4  inch). 

Argentiferous  lead. 

4  cm.  (=s  1*6  inch). 

19  mm.  (b  0*8  inch  nearly). 
Double  acetate  of  lead  and 

potassium. 
75  ampbres. 
0*00387  ohm. 
0*29  volts. 


It  may  be  added  that  from  these  figures  the  current  density  employed 
at  the  cathode  is  23  ampdres  per  square  foot.  The  total  weight  of  the 
lead  anodes  must  be  at  least  73  lbs.,  and  judging  from  the  form  of 
ceUs  employed,  they  are  more  likely  to  be  over  150  lbs.  in  weight. 

The  following  are  the  details  given  by  Tommasi  of  an  installation 
which  would  be  capable  of  desilverising  eleotrolytically  from  25,000 
to  30,000  long  tons  of  argentiferous  lead  per  annum  by  his  process : — 


Number  of  baths  in  series 
Cathode  discs  per  bath  . 
Diameter  of  disc  cathode 
Thickness  of  disc  cathode 


500 

X 

3  metres  (=  9*84  feet). 
2  cm.  (=r  o'8  inch). 


(Each  of  these  discs  must  at  least  weigh  over  a  ton  and  a-half  if  made 
of  brass  or  gvaa.  metal  of  a  density  of  8,  even  if  the  shaft  is  not  reckoned 
in.  It  is  possible  that  (owing  to  a  xnisprint  in  the  original  pamphlet) 
the  thickness  of  the  cathode  is  given  as  2  cm.  instead  of  2  mm.  If 
this  18  BO,  the  weight  would  be  only  a  tenth  of  that  stated. — A.  P.) 
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Nature  of  diso         .        •        .        .        .    Aluminium  bronze. 

Anodes  in  each  bath       ...        .2 

Thickness  of  anodes       ....    5  cm. 

Nature  of  anodes Atigentiferous  lead. 

(The  weight  of  this  argentaferous  lead  must  be  five  tons  per  bath  of 
2,500  tons  for  the  whole  installation. — A.  P.) 

Distance  between  anodes  and  disc        .    2  cm.  (=»  0*8  inch). 
Bevolutions  of  disc         .        .        .        •    One  per  minute. 
Composition  of  electrolyte    .        t        •    Double  acetate  of  lead 

and  potassium. 
E.  M.  F.  per  bath    .....    075  volti. 
Total  £.  M.  F.  for  the  500  baths  (a)      .    375  volts. 

Current  . 1,800  amperes. 

Conductors  consist  of  400  copper  wires  of  6  sq.  mm.   oioss 

section  each. 
Total    length   of   conductor,  go    and 

return 5oometres(s  547  yds.) 

fThe  current  density  in  the  conduotor  is,  therefore,  484  amperes  pei 
sq.  inch,  and  there  is  just  about  one  yard  of  conductor  connecting'  vat 
to  vat.— A.P.) 


Besistance  of  conductor 
Pressure  drop  in  conductor  (b) 
Total  E.  M.  F.  required  (a  and  I) 
Power  required 
Output  of  dynamo         .        . 
Motive  power  required  . 


0*0035  ohm. 
6*3  volts. 
382  volts. 
687,600  watts. 
721,980  watts. 
980  B.  H.  P. 


(If  the  output  of  the  dynamo  is  to  be  721,980  watts  then,  with 
95  jHii  cent  efficiency  of  conversion,  the  out^^ut  of  the  engine  required 
isi,oo2B.  H.P.— A.P.) 

Cost  of  1,000  B.  H.  P.  engine  .        ,     200,000  francs  (=3  ^^8,000). 
Cost  of  one  dynamo  of  72 1,980  watts, 

or  five  each  of  244,326  watts  80,000  francs  (=s  j^3i20o). 

500    electrolysers,    including    the 

electrolyte,  at  1,000  francs  .        .     500,000  francs  (a  £20,000). 

The  cost  of  a  brass  diso  weighing  one  and  a-haJf  tons  at  £40  per 
ton  is  £60,  and  thu  cost  of  the  five  tons  of  lead  in  each  vat  must  be 
at  least  £40.  And  on  to  this,  the  further  cost  of  the  vats,  mountings, 
scrapers,  solution,  etc.,'  muist  be  added.  The  estimate  under  this  head 
is  very  much  too  low,  and  the  500  electrolytsers,  if  made  as  is  specified, 
cannot,  in  my  opinion,  be  less  tban  £50,000. — ^A.  P.) 
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Total  capital  cost,  as  per  Tommasi 

eetimate       .        •        •        .        .  780,000  francs  (a  ^^31,200). 
Copper  conductors     .        •        .        .    20.000  francs  (»  £'8oo). 


Interest  at  10  fe  on  780,000  franca    .  78,000  francs  (»  £3,120). 

Interest  at  5  7(>  on  20,000  francs        .  z.ooo  francs  (»  £40). 

Coal,  assuming  800  grams  per  horse- 
power hour,  at  X  5  francs  per  ton  .  86,400  francs  ( =  £3,456). 

(This  estimate  allows  1*76  lb.  of  coal  per  B.  H.  P.  of  eooginee. — ^A.P.) 

Oil  and  sundries       •       •       •        •  io,oco  francs  (s  JB400). 

Two  stokers 5,000  francs  (==  £200). 

Two  electricians        •        •        •        •  5iOOO  francs  (==  £200). 

Thirty  labourers       «        •       •        •  dPfioo  francs  (—  £z,20o). 


Total  annual  outlay  .       •       •       •  2x5.400  francs  (=»  Jg8,6i6). 


TonmiajBi  adds  the  following  further  details : — 

In  each  bath  per  hour      •       •        •    7,020  grams  of  lead  are 

obtained. 

(This  is  the  full  theoretical  yield  from  1,800  amperes. — A.  F.) 

And  this  gives  in  a  year  of  300  days  of  24  hours  each  25,272  long 
tons.  (This  eetimate  presumes  that  not  only  the  theoretical  yield  of 
lead  is  obtained  whilst  the  vats  are  miming,  which  may  indeed  veiy 
closely  represent  the  facts  of  the  case,  but  it  also  necessitates  the  vats 
being  run  continuously,  which  according  to  Tommasi' s  deecription  is 
not  the  case.     (Seep.  605.) 

From  the  above  results,  by  dividing  the  supposed  axmual  cost  of 
215,400  francs  by  the  still  more  supposed  aimual  output  of  25,272  tons 
of  lead,  Tonomasi  states  that  the  cost  of  refining  one  ton  of  lead  is  8*6 
francs  when  a  steam-driven  plant  is  employed,  and  by  deducting  nearly 
the  whole  axmual  cost  of  coal  per  ton  of  lead  output,  namely  2*8  francs, 
he  obtains  5 '8  francs  as  the  cost  of  refining  one  ton  of  lead  if  a  water- 
power  plant  is  used.  This  is,  however,  an  absurdly  incorrect  method 
of  calculation,  for  it  allows  practically  nothing  further  for  the  capital 
cost  of  installation  of  the  water  power.  That  is  to  say,  that  the  total 
cost  of  installing  the  water-power,  including  lease  of  power,  turbines, 
and  all  other  requisites  complete  is  reckoned  at  £8  per  B.  H.  P.  output 
of  turbines.  This  is  certainly  at  least  20  per  cent,  below  the  average 
price  at  which  water-power  can.  be  installed,  although  it  is  true  this 
cost  varies  enormously  with  the  district. 

From  the  sketch  plans  given  and  the  stated  dimensions,  it  is  evident 

KB 
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that  each  vat  in  this  installation  must  be  about  12  feet  long,  2*5  feet 
wide,  and  about  5  feet  deep.  That  is,  the  number  of  cubic  feet  of 
vat  space  per  ton  output  of  lead  per  annum,  at  a  current  densitj 
of  one  ampere  per  square  foot,  cannot  be  less  than  60  cubic  feet,  which 
is  just  about  the  same  amount  of  space  as  is  necessary  for  coppa 
refineries.     {See  p.  505.) 

The  current  density  employed  byTommasi  in  the  installation  described 
above  (if  it  has  ever  been  actually  run  on  anything  like  so  large  a  scale) 
is  about,  and  is  certainly  not  less  than,  20  ampdres  per  square  foot, 
and  if  a  higher  current  density  is  actually  employed  for  the  size  of 
vats  here  described  and  the  output  stated,  the  vat  space  per  ton  per 
year  per  unit  current  density  will  work  out  still  larger  than  60  cubic 
feet. 

According  to  Tommasi*s  figpires  each  horse-power  hour  yields  7*865 
pounds  of  metallic  lead,  whilst  at  Anaconda  the  practical  yield  of  copper 
is  stated  to  be  6*67  lbs.  per  hour  per  B.H.P.  installed  in  the  works,  and  it 
must  be  remembered  that  the  B.H.F.  installed  in  Tommasi's  estimate  is 
the  theoretical  power  required  for  the  dynamos  only,  when  their  efficiency 
is  taken  as  95  per  cent.,  and  it  allows  no  margin  for  power  required  for 
rotating  the  cathodes,  circulating  the  electrolyte,  and  shifting  metal,  nor 
is  any  allowance  made  for  the  necessary  discontinuity  of  the  operations. 
Further  it  must  be  remembered  that  Tommasi's  estimates  do  not 
include  such  very  large  and  important  items  as  the  interest  on  the 
large  weight  of  metallic  lead  in  stock  and  in  the  form  of  anodes,  nor 
the  weight  of  gun-metal  as  cathodes.  Kor  are  the  costs  of  buildings 
included  in  the  capital  charges,  nor  rent  and  taxes  in  the  annual.  In 
short  the  whole  of  Tommasi's  estimate  carries  evidence  of  want  of 
actuality,  and  I  cannot  believe  that  the  electrolytic  refining  of  a  ton  of 
lead  by  this  or  any  other  known  vat  method  can  be  carried  out  success- 
fully for  a  less  amount  than  about  20  shillings  per  ton ;  probably  thi» 
is  a  good  deal  too  low  an  estimate. 

Spongy  Xi^ad. — Tonmiasi's  process  Ib,  however,  probably,  as  he 
suggests,  a  satisfactory  method  of  obtaining  cheaply  a  pore  form  of 
spongy  lead  for  making  secondary  battery  plates.  Tomma^i  calculates 
that  the  formation  of  a  ten  of  spongy  lead  by  the  chemical  method  of 
precipitating  metallic  lead  from  lead  acetate  solution  by  means  of 
metallic  zinc  to  ba  iis  much  as  £54  per  ton,  whilst  by  his  own  process 
he  considers  that  far  purer  8i)ongy  lead  might  be  formed  for  about  258 
francs  (=  £10  6s.  8d.)  per  ton.  I  do  not,  however,  think  that  the  par- 
ticular chemical  method,  which  is  the  alternative  suggested  by  Tommasi 
is  the  cheapest  which  could  be  deviled,  whilst  I  do  not  consider  that  the 
Tomma.si  process  could  produce  lead,  if  the  anodes  cost  £10  per  ton,  at 
much  under  £11  los.  to  £12  per  ton.  However  there  is  not  much 
doubt  that  if  spongry  or  crystalline  lead  can  obtain  any  large  market. 
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it  can  probably  be  prepared  most  cheaply  by  Tommaai's  process  or 
some  variant  of  it. 

Tommasi  has  also  Ru^'gested  the  employment  of  the  pure  crystalline 
lead  obtained  by  his  process  for  the  starting  point  in  the  preparation  of 
pure  litharge,  rod  lead  and  white  lead  at  a  cheap  rate  and  of  high  quaUty . 
What  is  evidently  a  reprint  of  the  pamphlet  from  which  the  above 
descriptions  of  Tommasi's  process  has  been  obtained,  may  be  found  in 
the  Electrieiany  vol.  41,  1898,  p.    591. 

Sloiay  Arsentiferons  Z.ead  Treated  liy  Tonunasi'B  Vto- 
eess. — The  richly  argentiferous  lead  obtained  in  the  process  of  the  de- 
silverisation  of  lead  by  Pattinson's  process  is  stated  to  be,  and  may  pos- 
sibly be,  treated-economically  by  Tommasi' s  process,  for  in  this  case  the 
refinery  product  may  be  considered  to  be  the  silver  whilst  the  desilverised 
lead  obtained  on  thecathode  forms  a  by-product.  Thesilver,  ashasalready 
been  pointed  out,  is  obtained  in  the  anode  sludge.  This  anode  sludge 
is  washed,  dried  and  fused  with  sodium  nitrate  and  a  little  borax,  the 
arsenic  and  antimony  are  thus  oxidised  and  fluxed  off,  leaving  a  pure 
Hilver ;  for  further  remarks  on  this  point,  see  p.  542.  Rich  Paitinson- 
ised  lead  contains  from  400  to  600  ounces  of  ulver  per  ton,  «.«.,  about 
I'll  to  1-67  per  cent,  of  silver,  which  is  two  to  three  times  tlie  silver 
content  of  the  base  bullion  treated  by  Keith's  process,  see  p.  599. 
After  examining  carefully  Tommasi*  s  description  of  this  process  and  aIt;o 
the  published  descriptions  of  the  Keith's  process,  I  l^nk  there  con 
be  little  doubt  that  if  such  richly  argentiferous  lead  can  be  treated 
Buccerafully  by  Tommasi's  process,  it  can  be  treated  more  cheaply  still 
by  Keith's  method. 

Cost  of  Beflnlns  Base  Bullion  liy  PairlMs'  Frocaaa. — In  a 
recent  paper  M.  W.  lies  (Engineering  and  Mining  Journal,  1900,  vol. 
70,  series  7,  p.  185],  makes  a  very  detailed  examination  of  the  costs  of 
refining  base  bullion  by  the  Parkes'  non-electrolytic  process,  and  he 
gives  the  following  figures  obtained  from  actual  working  in  the  Globe 
Works,  Denver,  Colorado,  from  Jan.  1895  to  June  1896  : 

X.  Cost  of  labour  per  ton         • 

2.  Cost  of  spelter      .        .        • 

3.  Cost  of  coal  .... 

4.  Cost  of  coke         . 

5.  Supplies,  repairs,   and  goiiera 

expenses 

6.  Interest        .... 

7.  Parting  and  brokerage 

8.  Reworking  by-products       . 

9.  Expressage  ^carriage) .        • 

10150      „ 


1*968  dollarsy 

o-86i 

t* 

0496 
0.521 

II 

II 

4"i35 

0'289 

»»    i 

i'3i7 

fl 

2'121 

II 

1-492 

II 

i"o«5 

H 
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Out  of  this  total  amount  of  £2  2s.  3jd.  per  ton,  the  coat  of  actaaJlj 
refining  the  base  bullion  which  is  included  in  the  first  five  of  the  aboye 
items  is  from  3  to  5  dollars  per  ton,  a  cost  which  yaries  from  time  to 
time  owing  to  the  irregularity  of  the  bullion  supply  and  the  consequent 
effect  of  this  on  the  work  of  the  plant  (abstract  Joum,  Soe,  Chem,  Intl., 
yol.  19,  1900,  p.  906). 

The  aboye  prices,  were  obtained  with  the  Parkes*  process  of  refining 
lead  by  means  of  zinc  (a  well  known  process  which  is  described  in  all  text 
books  of  metallurgy).  The  lead  which  is  started  with  is  refined  to  lead 
free  from  silyer,  and  it  is  this  process  which  costs  from  3  to  5  doUan 
per  ton  of  pure  lead  produced ;  besides  this,  howeyer,  a  further  qtian- 
tity  of  a  zinc-silyer-lead  alloy  is  produced,  and  the  treatment  of  this  to 
obtain  all  the  nlyer  costs  another  5  dollars  per  ton  of  lead  treated.  It 
therefore  seems  yery  probable  that  the  highly  argentiferous  zinc-lead- 
silyer  alloy  could  be  yery  profitably  parted  electrolytically,  the  procesB 
resolying  itself  into — fst,  a  Parkes*  process  refining  of  the  lead,  and 
production  of  a  certain  amount  of  the  lead-zinc-silyer  alloy :  this  part 
of  the  process  costing,  say,  4  dollars  per  ton  of  lead  refined.  2nd, 
an  electrolytic  refining  of  the  zinc-lead- silyer  alloy,  costing  say  15 
dollars  per  ton  of  this  alloy  refined,  and  a  ton  of  this  alloy  is  about 
equiyalent  to  20  tons  of  lead,  and  hence  the  cost  per  ton  of  base  bullion 
refined  would  be  4*75  dollars  per  ton  to  yield  all  the  lead  and  silyer  in 
the  refined  state. 

B<»fln1ng  of  Arsenttferona  Laad  la  Laad  Hitrata  SolntioBB. — 
L.  Glaaeir  {Zeittehrift  fur  EUktrockemie^  1 900,  yol.  7  [24]  365-369  and 
[26]  381-386)  states  that  argentiferous  lead,  containing  as  much  as  5 
per  cent,  of  metallic  silyer,  may  be  refined  by  employing  it  as  the  anode 
in  solutions  of  lead  nitrate  saturated  with  lead  chloride.  The  lead  ob- 
tained at  the  cathode  is  in  a  compact  state,  and  is  free  from  silver. 
A  small  amount  of  free  hydrochloric  acid  in  the  electrolyte  may  be 
present  without  any  disadvantage.  The  e.  m.  f .  required  per  yat  is 
stated  to  be  only  0*05  to  0*2  yolts,  but  in  the  abstract  from  which  this 
account  is  taken  (Journ.  Soe,  Chein.  Indwtry,  yol.  20,  1901,  p.  259),  it 
is  not  stated  what  current  density  is  obtained  when  these  voltages  are 
employed.  This  process,  in  as  far  as  it  is  possible  to  judge  from  the 
very  sketchy  details  given,  would  seem  to  offer  a  possibility  of  a  com- 
mercially successful  refining  method.  Its  success,  however,  must  de- 
pend upon  the  good  conductivity  of  the  electrolyte,  the  deposition  of  the 
lead  in  the  massive  condition,  the  absence  of  a  polarising  back  e.  m.  f ., 
the  absence  of  silver  and  other  foreign  metals  in  the  cathode  lead,  and 
last,  what  includes  two  of  the  foregoing  conditions,  the  lowness  of  the 
required  electrolysing  e.  m.  f .  at  a  high  current  density.  The  details 
concerning  all  these  points  are  wanting  in  the  abstract  referred  to 
above. 


CHAPTER  VII. 

ELECTROLYTIC  PRODUCTION   OF  ALUMINIUM  AND 
THE  ELECTROLYTIC  REFINING  OF  NICKEL. 

Properties  of  Alnmininm. — E£Fect  of  Mercury  on  Alaminium. — ^Electolytto 
Smelting  of  Alnmininm  from  Alnmina. — Heronlt'sProcen.— Hall's  Pro- 
cess.— Preparation  of  Pnre  Alnmina. — Increase  of  Purity  of  Alnmininm 
in  Recent  Years. — Minet's  Process  of  Smelting. — BncherePs  Electrolytic 
Process  of  Smelting  Alnmininm  from  Alnmininm  Snlphide. — ^The 
Cowles'  Process  of  Producing  Aluminium  Alloys. — The  Electric  Re- 
fining of  Nickel.— Secret  Processes. — Ludwig  Mond's  Nickel  Refining 
Process. 

Fioprli—  of  Aluinlnlmn. — The  most  remarkable  propertieB  of 
the  metal  aluminium  are,  firstly,  its  extreme  lightness  when  com- 
pared with  any  other  metal  employed  in  commerce.  The  weight  of 
one  cabio  centimetre  of  alomininm  is  from  2*6  to  2*8  grammes, 
whilst  the  weight  of  an  equal  volume  of  rolled  copper  is  about  8*9 
gframmes.  Secondly,  the  expansion  of  aluminium  with  heat  is  for 
equal  Tolumes  and  equal  rises  of  temperature,  although  somewhat 
lower  than  that  of  metallio  zinc,  yet  about  twice  as  great  as  that 
possessed  by  iron,  and  more  than  one-third  greater  than  that  of 
copper.  Thirdly,  aluminium,  although  more  readily  superficially 
oxidised  by  the  air  at  ordinary  temperatures  than  iron,  does  not 
corrode  anything  like  so  rapidly  on  exposure  to  moist  air  as  the  latter 
metal,  the  reason  probably  being  that  there  is  not  any  intermediate 
oxide  lower  than  that  formed  on  the  exposed  surface ;  the  continuous 
rusting  of  iron  being  largely  due  to  the  fact  that  the  red  ferric  oxide 
on  the  surface  hands  on  oxygen  to  a  layer  beneath,  when  a  lower 
oxide  of  iron  is  formed,  and  at  the  same  time  itself  takes  up  a  further 
amount  from  the  air.  In  the  case  of  aluminium,  however,  this  action 
cannot  take  place,  for  only  one  oxide  exists,  and  this  oannot  therefore 
g^ve  oxygen  to  the  metal  beneath  it,  but  protects  it  from  further 
action  of  the  air.  Fourthly,  the  colour  of  the  oxides  of  iron  and 
copper  are  markedly  dark  red,  brown,  orange,  and  black,  whilst  the 
sulphides  of  iron  and  copper  and  silver  are  all  bl/^'Olr.  On  the  other 
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hand,  the  oxide  of  aluminium  is  colourlesa  and  transparent,  and  so 
also  is  its  sulphide.  For  this  reason  no  discolouration  of  an  aluminiom 
surface  due  to  atmospheric  action  takes  place.  Lastly,  the  condnc- 
tivitj  of  pure  commensal  aluminium  for  electricity  is  as  hi^h  as  about 
0*6  of  that  of  copper,  although,  if  the  aluminium  contains  very  small 
quantities  of  copper,  iron,  and  other  impurities,  its  conductivity-  is 
more  nearly  0*5  that  of  pure  copper. 

Bfftet  of  Kcrenrj  on  Almnliiiiim. — Mercury  amalgamates 
readily  with  the  surface  of  aluminium,  cleaned  with  either  dilate 
acids  or  with  caustic  alkali  solutions.  The  bright  metallic  patch  of 
mercury  amalgamated  aluminium,  howeyer,  when  exposed  to  the  air, 
rapidly  heats  and  throws  out  branches  and  crusts  of  white  aluminium 
oxide,  due  to  the  rapid  oxidation  of  the  aluminium  metal  when  dis- 
solFcd  in  mercury  and  capable  of  circulation,  fresh  surfaces  of 
metal  being  constantly  exposed  to  the  air.  The  appearance  of  this 
action  is  yery  remarkable,  and  it  is  clear  that  all  aluminium  surfaces 
must  be  carefully  guarded  from  the  simultaneous  action  of  mercury 
and  air.  Yet  it  is  quite  possible  that  a  surface  of  aluminium  quicked 
with  mercury  salt,  and  then,  without  exposure  to  the  air,  plated  with 
another  metal,  may  offer  a  very  satisfactory  resistance  to  oxidation  by 
the  air. 

Bleetrolytie  Alnmtninm  Bmaltins. — Many  processes  haye  been 
devised  during  the  past  fifteen  years  or  so  for  the  production  of 
metallic  aluminium  from  its  compounds,  by  electrolysing  these  sab- 
stances  whilst  in  the  condition  of  igneous  fusion.  Of  those  various 
processes,  although  many  have  been  more  or  less  largely  worked, 
only  three  remain  at  the  present  date  in  active  work,  and  one  of  these 
may  still  be  considered  as  perhaps  not  having  emerged  from  the 
experimental  stage. 

By  far  the  most  important  processes  are  those  known  as  Heroult's 
and  Hall's  process.  These  two  processes  are  identical  in  princi- 
ple, and,  as  far  as  can  be  judged,  are  carried  out  in  essentially 
the  same  manner.  They  were  curiously  enough  patented  at  almost 
identically  the  same  dates,  the  one  by  Heroult  in  France  first.  In 
America  he  applied  for  a  patent  on  May  22nd,  1886,  but  Hall, 
who  had  been  developing  the  same  process  in  America,  was  granted 
the  patent  on  July  9th,  1886.  Heroult*s  English  patent  was  dated 
May  2 1st,  1887,  No.  7,426.  Apparently  at  present  the  processes  ate 
amalgamated,  for  they  are  stated  to  be  employed  indifferently  at 
most  of  the  works  manufactaring  aluminium.  The  English  patents 
will  normally  expire  this  year  (1901),  but  an  appeal  for  an  exten- 
sion is  to  be  made  by  the  British  Aluminium  Company. 

The  Heroult  or  Hall  process,  as  worked  by  the  British  Aluminium 
Compauy,  is  described  as  follows  by  K.  W.  Wallace  {Journal  0/  tAt 
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Society  of  Chemical  Induetry^  vol.   17,  p.  308)  in  April,  1898.     The 
Heroult  cell,  as  used  by  the  British  Alaminiam  Company,  consists  of 
a  carbon-lined  iron  box,  itself  forming  the  cathode ;  the  anode  is  a 
bundle  of  carbon  rods  suspended  within  it  and  reaching  nearly  to  the 
bottom.   The  bath  consists  of  molten  cryolite  holding  alumina  in  solu- 
tion, and  it  is  constantly  fed  with  fresh  pure  aluminium  oxide,  as  that 
already  present  in  the  bath  is  remored  by  the  action  of  the  electric 
current.    The  exhaustion  of  the  alumina  in  the  box  is  immediately 
indicated  to  the  furnace  attendant  by  a  sharp  rise  in  the  volts  required 
to  keep  the  current  steady;  or,  what  is  the  same  thing,  the  current 
rapidly  drops  if  the  volts  are  kept  constant.     The  action  goes  on 
smoothly  and  oontinuously.    The  temperature  of  the  fused  bath  has 
been  measured,  and  has  been  found  to  be  between  750®  C.  and  850"  G. 
An  electric  pressure  of  from  3  to  5  volts  is  ample  per  bath  to  maintain 
the  working  temperature,  as  well  as  to  effect  the  electrolysis.    The 
current  density  employed  at  this  voltage  is  about  700  amperes  per 
square  foot  of  cathode  surface,  or,  as  there  are  about  1 1 J  square  feet 
of  catliode  surface  per  cell,  the  total  current  taken  per  cell  is  about 
8,0DO  amperes.    The  practical  yield  is  z  pound  of  aluminium  per  12 
electrical  horse-power  hours.  Thnt  is,  a  dynamo  of  12  electrical  horse- 
power output,  or  about  9  kilowatts,  will  yield  12  pounds  of  aluminium 
per  hour.      At  this  rate  in  one  of  the  cells  employed  by  the  British 
Aluminium  Company  described  above  as  taking  8,000  amperes  at  say 
5  volts,  the  yield  should  be  about  45  pounds  of  aluminium  per  hour. 
The  raw  materials  employed  in  this  process  consist  of  alumina  and 
carbon.    The  fused  cryolite  which  merely  serves  as  a  solvent  for  the 
alumina,  is  itself  but  little  consumed  if  the  current  density  is  kept 
within  the  limits  stated  above.    But  if  the  current  density  is  per- 
mitted to  rise  too  high,  or,  what  is  the  same  thing,  if  the  volts  are 
raised,  the  decomposition  of  the  cryolite  and  escape  of  fluorine  will 
take  place.     The  hlumina  used  by  the  British  Aluminium  Company 
ia  prepared   from  bauxite,  an  impure  oxide  of  iron  and  alumina, 
which  is  dug  at  Glenravel,    in   Ireland,  thirty-five  miles  from  the 
company's  alumina  purification  works  at  Lame  Harbour.    Here  it  is 
chemically  treated  by  a  method  described  in  the  paper  {loe,  cit.)  from 
which  this  desi-ri^tion  is  abridged,  and  the  pure  alumina  is  trans- 
ported  by   boat  through    the   Caledonian   Canal  to   the  reduction 
works  at  the  Falls  of  Foyer.     The  cost  of  this  pure  alumina  is  about 
£12  per  ton  to  the  company.* 


*  Mr.  Claude  Vautin  states  that  he  has  seen  a  process  working  by 
means  of  which  it  is  claimed  that  alumina  can  be  obtained  from  feUpar 
At  a  cost  of  from  £z  to  £4  per  ton,  and  as  two  tons  of  pure  alumina  are 
tousnmed  per  ton  of  alwnnnium  iiiarmlac^nied  a  reduction  in  the  cost 
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The  cnrrent  density  in  the  furnace  at  the  carbon  rods  or  anodes,  ii 
▼eiy  much  greater  than  over  the  bottom  of  the  carbon-lined  cdl, 
which  forms  the  cathode.  The  cathode  density,  as  has  already  been 
stated,  is  about  700  amperes  per  square  foot.  But  the  anode  current 
density  is  35  amp^s  per  square  inch,  that  is  to  say,  as  much  as  oyer 
5,000  amperes  per  square  foot.  Theoretically,  two  parts  by  weight  of 
carbon  ehonld  be  consumed  for  every  three  parts  by  weight  of 
aluminium  separated,  but  practically  the  weight  of  carbon  con- 
sumed is  equal  to  the  weight  of  aluminium  obtained,  and  as  all  the 
impurities  the  carbon  anodes  contain  must  fall  into  the  bath,  it  is 
necessary  that  the  material  should  be  exceptionally  pure.  It  is  eqnallj 
important  that  the  anode  rods  shall  not  disintegrate  rapidly  under  ^e 
dense  current  they  carry,  or  short  circuiting  of  the  bath  by  mnnoofl  of 
carbon  may  occur,  and  thus  larg^  waste  of  energy  will  be  oanaed. 
The  British  Aluminium  Company  manufacture  tiie  carbons  thej 
employ  at  a  factory  they  have  started  in  Greenock.  The  czyolitc 
employed  by  this  company  is  imported  from  Greenland,  but  arrange- 
ments have  recently  been  made  for  the  manufacture  at  their  Ijarae 
works  of  an  artificial  fluoride  which  will  be  employed  instead  of 
cryolite  as  the  solvent  for  the  alumina. 

Professor  CShandler,  in  a  discussion  on  a  paper  on  aluminium  produc- 
tion, read  before  the  New  York  Section  of  the  Society  of  Chemical 
Industry  {Journal,  vol.  16,  p.  223,  March  1897),  describes  the  Hall 
process  as  he  saw  it  carried  out  by  the  Pittsburg  Reduction  Co.  as 
follows :  **  This  seemed  to  be  as  simple  and  beautiful  an  electro-ohemi- 
cal  process  as  could  possibly  be  carried  out.  There  were  iron  vessela 
there  some  6  feet  by  8  feet  cross- section  and  2  feet  deep,  lined  with 
carbon.  These  vessels  constituted  the  cathode.  There  were  some  30 
anodes  of  very  compact  carbon  hanging  from  copper  rods  in  3  rows 
of  about  10  carbons  each.  The  carbons  were  about  3  inches  in 
diameter.  The  cryolite  bath  had  previously  been  fnsed  in  another  pot 
and  the  impurities  electrolysed  out  so  that  the  cryolite  that  was  aota- 
ally  employed  for  the  bath,  from  which  the  aluminium  was  to  be 
produced  by  electrolysis,  was  free  from  silicon  and  any  metal  which 
might  contaminate  the  aluminium  as  it  was  reduced.  The  pure 
alumina  was  fed  into  this  pure  cryolite  bath  and  the  electrolysis  pro- 
ceeded regularly.  Whenever  there  was  a  short  supply  of  alumina  the 
resistance  of  the  bath  increased,  and  an  electric  meter  showed  at  once 
that  the  alumina  had  been  consumed,  and  workmen  simply  shovelled 


of  the  alumina  of  £S  or  £g  per  ton  would  reduce  this  cost  of  the 
aluminium  by  from  £24  to  £27  or  more.  As  the  present  price  of 
aluminium  is  under  j^x36  per  ton  this  would  mean  a  very  substantial 
reduction  in  its  cost  of  manufacture,  and  in  time  in  its  selling  price. 
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in  some  more.  The  prooesB  oonsisted  chiefly  in  ahoyelling  in  alumina 
and  ladleing  ont  alnmininm,  day  in  and  day  out."  The  above 
aocounts  show  that  the  HaU  and  Heroult  prooesces  as  now  conducted 
are  identical. 

A.  Minet  [Comptea  Xendus,  vol.  128,  pp.  1 163- 1 167,  1899),  points  out 
that  during  the  past  few  years  great  advances  have  been  made  in  the 
commercial  production  of  pure  aluminium,  and  in  support  of  this 
statement  he  gives  the  following  analyses : 


Silicon. 

Iron. 

Alominimn. 

Aluminium  in  1890  contained 

• 

o-go 

0*40 

9870 

•»             X893       „ 

• 

0*25 

0'40 

99*35 

n              1897        „ 

• 

o'oa 

O'la 

99-86 

A  purity  of  product  which  compares  not  unfavourably  with  that  of 
oommercial  copper. 

The  following  table  showing  the  enormous  increase  in  output  of 
aluminium  and  the  correspondingly  large  decrease  in  its  price  is  given 
by  Mr.  WaUace,  and  is  of  g^reat  interest : — 

WoBiiD's  Annual  Maze  or  Alumimiuic  and  Pbicb  Peb  Ton. 


7ear. 

Tons  per  annum. 

Price  per  ton. 
£ 

1890 

40 

1.083 

1 891 

aoo 

504 

1892 

300 

308 

1893 

530 

298 

1894 

1,200 

z86 

1895 

t,8oo 

x6o 

Z896 

3,000 

155 

1897 

2f500 

148 

1899 

— 

136 

The  world's  output  of  aluminium  for  the  year  IQOO  has  been  Htated 
to  be  about  6,000  tons,  and  the  price  per  ton  is  about  £170  for  manu- 
factured wire,  rod,  tubes,  etc.,  in  bulk. 

At  the  present  high  price  of  copper  and  tin  the  selling  price  of 
aluminium  is  cheaper,  bulk  for  btdk,  than  either  of  these  metals,  and 
it  has  lately  been  replacing  copper  for  the  manufacture  of  electrical 
conductors,  several  rather  large  bare  metal  distributing  mains  having 
been  installed  which  are  made  of  this  metal.  Whether  it  will 
stand  the  test  of  time  must  largfely  depend  on  the  question  of  its 
corrosion  by  atmospheric  influence,  and  also  on  the  constancy  of  its 
mechanical  properties.  Both  of  these  important  points  appear  to  be 
closely  connected  with  the  purity  of  the  metal.  If  pure  aluminium, 
or  if,  at  any  rate,  aluminium  of  a  constant  and  desired  known  com- 
position, can  be  turned  out  regularly  and  in  large  quantities  at  the 
present  prices,  it  appears  highly  probable  that  it  may  altogether 
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displace  copper  in  many  important  applications.  This  seems  to  be 
the  more  likely,  as  the  patents  for  the  only  commeroially  sucoessfnl 
processes  will  expire  this  year  (1901),  unless  a  special  extension  is 
granted,  and  even  in  that  case  the  lapse  of  the  patents  cannot  be  long 
delayed.  The  cost  to  the  Britiph  Aluminium  Company  of  alumina, 
per  ton  of  aluminimn  produced,  is  stated  by  Wallace  to  be  about  £25, 
and  the  cost  of  electrical  energy  by  the  Heroult  process  is  about  £12. 
If,  therefore,  the  aluminium  is  sold  in  bulk  at  £136  per  ton  the  cost 
of  carbons,  labour,  depreciations,  interest  on  capitad  and  profits  must 
be  nearly  £100  per  ton ;  a  price  which  seems  to  admit  of  large  profits. 

The  Minet  aluminium  reduction  process  appears,  as  far  as  can  be 
seen,  to  be  essentially  identical  with  the  Hall  process,  and  has,  indeed, 
been  worked  in  conjunction  with  it  at  St.  Michel  in  France.  Perhaps 
the  simplest  way  of  understanding  the  actual  differences  between  the 
Heroult,  the  Hall,  and  the  Minet  processes  is  to  consider  those  differ- 
ences to  consist  in  legal  rights  as  defined  by  dates  of  patents,  etc. 

There  is  one  other  process  for  the  preparation  of  aluminium  by 
electrolysis  which  may  be  said  to  be  still  only  in  an  experimental 
stage.  This  was  devised  by  Bucherer,  and  published  in  1892 
{Zeitsehrift  fur  Ang,  Chem.j  1892,  pp.  483,  484).  The  process  is 
really  identical  with  those  of  Heroult,  Hall,  and  Minet,  except  that 
instead  of  the  alumina  employed  in  those  processes  aluminium  sul- 
phide is  used.  It  is  dissolved,  like  the  alumina,  in  a  bath  of  aluminium 
fluoride  or  cryolite,  and  then  electrolysed  in  the  same  way.  It  is 
claimed  that  the  voltage  and,  therefore,  the  horse-power  required  ib 
less.  The  cost  of  aluminium  sulphide  is,  however,  at  present  said 
to  be  not  less  than  £28  per  ton,  and  as  it  contains  only  36  parts 
per  cent,  by  weight  of  aluminium,  whereas  pure  aluminium  is  stated 
by  Wallace  to  cost  the  British  Aluminium  Company  only  £12 
per  ton,*  and  contains  over  52*9  parts  per  cent,  by  weight  of 
aluminium,  it  is  clear  that  unless  some  considerable  reduction  is  made 
in  the  future  in  the  cost  of  aluminium  sulphide,  this  process  is  not 
likely  to  compete  very  seriously  with  those  at  present  in  commercial 
use.  Apparently  sulphur,  in  a  more  or  less  available  form,  is  obtained 
as  a  by-product  in  this  process,  and  possibly  this  fact,  and  the  fact 
that  the  consumption  of  the  carbon  anodes  should  be  much  less  than 
is  the  case  in  the  alumina  electrolysis  processes  (where  it  is  stated  by 
Wallace  to  be  as  high  as  2  tons  per  ton  of  aluminium  obtained)  may 
put  the  sulphide  process  on  a  sound  financial  footing  eventually. 

The  ohemical  reaction  involved  in  the  Heroult  process  is  as  follows : 

2  Ala  Os  +  SC  =  2Ala  +  sCOj 

*  It  should  be  added  that  the  cost  of  pure  alumina  in  America  id 
stated  to  be  as  high  as  £37  6s.  8d.  per  top, 
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Whilst  the  reaction  in  Bucherer's  process  is  g^ven  hy  the  equation 

Al,  S,  *--  Al,  +  Ss 

if  the  temperature  of  reaction  is  low,  or  if  it  is  higher,  the  snlphnr 
combines  with  tho  carbon  aaodes,  carbon  bisulphide  being  formed,  an 
action  represented  hj  the  equation 

2  Ah  8s  +  3C  =  a  Al,  +  3  CS, 

Tli«  Oowl«s  Frocaas. — One  of  the  earliest  processes  for  the  electro- 
Ijiic  production  of  alloys  of  aluminium  was  the  Gowles'  prooeHs,  which 
process  had  a  very  considerable  commercial  success.  A  description  of 
this  process  which  was  contained  i/i  the  i8<S9  edition  of  this  work  is, 
therefore,  retained  in  full  here,  and  is  as  follows  : — 

Ad    account    of    the    methods    adopted    by    the    Gowles  Electric 
Smelting    and    Aluminium    Company,     of    Cleveland,    Ohio,    was 
given    in    the  New  York    ICntfinetiring    and    Mining    JourntU,*    and 
will  be  read  with  considerable    interest.      The    Company    referred 
to  is,   it  appears,   carrying  on  electric  smelting  commercially,  but 
at  present  are  chiefly  devoting  themselves   to    the   production   of 
aluminium  and  silicon  bronze.    The  system,  however,  may  hereafter 
be  extended  to  other  metals,  and  the  operations  be  conducted  upon  a 
more  extended  scale.    The  Messrs.  Cowles  have  succeeded  in  greatly 
reducing  the  market  value  of  aluminium  and  its  aUoys,  and  thereby 
vastly  extending  its   uses ;    they  are  said    to  be  the   larg^t  pro- 
ducers in  the  world  of  these  important  products.    As  described  in 
their  patents,  the  Cowles  process  consists  essentially  in  the  use,  for 
metallurgical  purposes,  of  a  body  of  granular  material  of  high  resist- 
ance or  low  conductivity,  interposed  within  the  circuit  in  such  a 
manner  as  to  form  a  continuous  and  unbroken  part  of  the  same,  which 
granular  body,  by  reason  of  its  resistance,  is  made  incandescent,  and 
generates  all  the  heat  required.    The  ore  or  light  material  to  be 
reduced — as,  for  example,  the  hydrated  oxide  of  aluminium,  alum, 
chloride  of  sodium,  oxide  of  calcium,  or  sulphate  of  strontium — is 
usually  mixed  with  the  body  of  g^ranular  resistance  material,  and  is 
thus  brought  directly  in  contact  with  the  heat  at  the  points  of  genera- 
tion.   At  the  same  time  the  heat  is  distributed  through  the  mass  of 
granular  material,  being  generated  by  the  resistance  of  all  the  granules, 
and  is  not  localised  at  one  point  or  along  a  single  line.    The  material 
best  adapted  for  this  purpose  is  electric  light  carbon,  as  it  possesses 
the  necessary  amount  of  electrical  resistance,  and  is  capable  of  endur- 
ing any  known  degree  of  heat,  when  protected  from  oxyg^en,  without 
disinteg^ting  or  fusing  j  but  crystalline  silicon  or  other  equivalent  of 


*  Engineeriny  and  Mining  Journal.    New  York.    August  8th,  1883. 
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oarbon  can  be  employed  for  the  (tome  purpMe,  TliiB  is  pulverised  or 
granulated,  Uia  degree  of  granulatioii  depending  upon  the  tuEe  of  the 
furnace.  Coarse  graniilated  oarbou  works  better  than  finely  pulverised 
carbon,  and  gives  more  even  reeolts.  The  eleotrical  energy  in  moi^ 
evenlj  distributed,  and  the  cmrent  cannot  so  nadilf  form  a  path  of 
highMt  temperature,  and  coDsequenfly  of  least  icBiBtBuce,  llirough  the 
mass  along  which  the  entire  corFoat  or  the  bulk  of  the  cQireiit  can 
ptua.  The  operation  must  neceeaarilj  be  oondocted  within  an  air- 
ti^t  chamber  or  in  a  nou -oxidising  atmosphere,  or  OthetniTiae  the 
carbon  will  be  eonsumed  and  act  aa  fuel.  The  carbon  acta  as  ■ 
deoxidising  agent  for  the  ore  oi  metalliferona  malarial  treated,  and  to 
this  extent  it  is  oonanmed,  but  otherwise  than  from  this  canso  it 


Fig.  isa 

fig.  i;o  of  the  tooompanying  drawings  !■  a  veHJcsl  loDgitudinat 
section  through  a  retorii  designed  for  the  reduction  of  zinc  ore  bj  this 
process,  and  Fig.  1 5 1  is  a  front  eleration  of  the  same.     Anothc:r  farm 
of    tJie  electric   furnace,    which  is 
trated  by  Fig.   151,  is  a  perspective 
of  a  furnace  adapted  for  the  redaction    '. 
of  ores  and  salts  of  non-volatile  metals  - 
and  (dmilar  ohemical  compounds.      Figs.  , 
15J  and   154  are  longitudinal  and 
verse   sections  respectively,   through  the 
some,  illustrating  the   maimer  of   pack- 
ing    and    charging    the   furnace.      The 

walls  and  floor,  L  L,  of  tiie  furnace  are  mads  of  fire-briokn,  and  do 
not  necessarily  have  to  be  very  thick  or  strong,  tie  beat  to  whidi 


they  ore  eubjeoted  not  beinff  eicesaive.  The  carbon  plates  are  Emaller 
Uuuk  the  cioB8-seotioQ  of  the  boi,  as  Bhown,  and  the  spaoeB  between 
them  and  the  end  walla  are  pocked  with  fine  oharcoal.     The  fumaoe 


in  oorered  with  a  remoTable  slab  of  fire-clay,  s,  which  is  provided 
witli  one  or  more  venta,  n,  for  the  eacaping  gHsea.  The  space  between 


Fig.  '53- 


the  carbon  plates  ODnatitntes  the  working  part  ot  the  furnace;  this 

is  lined  on  the  bottom  and  mdes  with  a  packing  of  fine  charcoal,  o, 

or  sncli  other  material  a&  is  both  a  poor 

conductor  ot  heat  and  electricity — as, 

for  example,  in  some  caaee  ailioa  or  pol- 

veiised  oorundum  or  well-bomt  lime — 

and  the  charge,  p,  of  ore  and  broken, 

granular,  or  pnlTorised  carbon  occupies 

the  centre  of  the  box,  extending  between 

Fig.  154.  the  carbon  plates.    A  layer  of  grannlar 

charcoal,  o,  also  covers  the  charge  on  top. 

The  protaotioii  afforded  by  the  charcoal  jacket,  as  regards  the  heat,  is 

to  complete  that,  with  the  covering  slab  removed,  the  hand  can  be 

held  within  a  few  inches  of  the  exposed  charcoal  jacket ;  bat  with  the 

top  covering  of  charcoal  also  removed,  and  the  core  exposed,  the  hand 

cannot  be  held  within  sereral  feet.    The  charcoal  packing  behind  thn 

carbon  plates  is  reqoired  to  confine  the  heat,  and  to  protect  theta  from 
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oombnstion.  With  this  furnace  aluminium  can  be  reduced  directly  'hom 
its  oree,  and  chemical  compounds  from  corundum,  cryolite,  clay,  eic., 
and  silicon,  boron,  calcium,  manganese,  magnesium,  and  other  metals 
are  in  like  manner  obtained  from  their  ores  and  compounds. 

In  a  paper  read  before  the  American  Institute  of  Mining  Engrineers 
at  Halifax,*  Dr.  T.  Sterry  Hunt,  who  had  devoted  two  entire  days 
at  the  experimental  works  at  Cleveland,  furnished  some  additional 
particulars  concerning  this  interesting  and  valuable  process,  from 
which  we  make  a  few  extracts,  feeling  confident  that  this  important 
application  of  electricity  will  receive  the  fullest  attention  on  this  side 
of  the  Atlantic.  Dr.  Hunt  says,  **  If  alumina,  in  the  form  of  granu- 
lated corundum, t  is  mingled  with  the  carbons  in  the  electric  path, 
aluminium  is  rapidly  liberated,  being  in  part  carried  off  with  the 
escaping  gas,  and  in  part  condensed  in  the  upper  layer  of  charcoal. 
In  this  way  are  obtained  considerable  masses  of  nearly  pure  fused 
aluminium  and  others  of  a  crystalline  compound  of  tiie  metal  with 
carbon.  When,  however,  a  portion  of  granulated  copper  is  placed 
with  the  corundum,  an  alloy  of  the  two  metals  is  obtained,  wliich  is 
probably  formed  in  the  overlying  stratum,  but  at  the  close  of  the  oi>e- 
ration  is  found  in  fused  masses  below.  In  this  way  there  is  got,  after 
the  current  is  passed  for  an  hour  and  a  half  through  the  furnace, 
from  4  to  5  lbs.  of  an  alloy  containing  from  15  to  20  per  cent  of 
aluminium  and  free  from  iron.  On  substituting  this  alloy  for  copper 
in  a  second  operation,  a  compound  with  over  30  per  cent,  is  obtained. 
....  The  reduction  of  silicon  is  even  more  easy  than  that  of  alumi- 
nium. When  silicious  sand,  mixed  with  carbon,  is  placed  in  the  path 
of  the  electric  current,  a  part  of  it  is  fused  into  a  clear  glass,  and  a 
part  reduced,  with  the  production  of  considerable  masses  of  crystal- 
lised silicon,  a  portion  of  this  being  volatilised  and  reconverted  into 
silica.  By  the  addition  of  granulated  copper,  there  is  readily  formed 
a  hard  brittle  alloy  holding  6  or  7  per  cent,  of  silicon,  from  which 
silicon  bronzes  can  be  cheaply  made. 

*'  The  direct  reduction  of  clay  gives  an  alloy  of  silicon  and  alumi- 
nium, and  with  copper,  a  silico -aluminium  bronze  that  appears  to 
possess  properties  not  less  valuable  than  the  compound  already  men- 
tioned. Even  boric  oxide  is  rapidly  reduced,  with  evolutions  of 
copious  brown  fumes,  and  the  formation,  in  presence  of  copper,  of 
a  boron  bronze  that  promises  to  be  of  value,  while,  under  certain 

*  American  Engineering  and  Mining  Journal^  September  19th,  1885. 

t  Corundum  is  a  very  hard  genus  of  aluminous  minerals,  to  which  the 
jjrems  9apphire,  ruby,  salamstein,  and  adamantine  spar  belong.  Emery  is  an 
impure,  compact,  amorphous,  and  opaque  variety  of  corundum,  and  conaiats, 
according  to  Teuuant,  of  alumina.  80;  silica,  3 ;  iron,  4  parts. 
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conditions,  crystals  of  what  appoar  to  be  the  so-callea  aiUrmanioid 
boron  are  formed.  In  some  cases  also  crystalline  graphite  has  been 
produced,  apparently  through  the  solvent  action  of  aluminium  upon 
carbon." 

By  another  improvement  in  the  Oowles  furnace,  the  copper  or  other 
metal  used  for  the  alloy  is  in  the  form  of  rods  running  across  the 
furnace,  it  having  been  found  that  where  grains  of  copper  were 
used,  they  sometimes  fused  together  in  such  a  manner  as  to  fihort 
circuit  the  current.     The  new  electric  smelting  furnace  is  shown  in 

*'ig.  155. 

Since  the  publication  of  the  earlier  editions  of  this  worV,  the  Cowles 
electric  smelting  process  has  been  (as  we  anticipated  would  be  the 
case)  introduced  into  this  country,  with  the  result  that  the  Cowles 
Aluminium  Syndicate  have  established  extensive  works  at  Stoke- 
upon-Trent,  where  operations  for  the  manufacture  of  aluminium 
bronze    were   commenced,   twelve    or    thirteen  years    ago,   with    a 


Fig-  J  55. 

dynamo  electric  machine  built  by  Messrs.  R.  E.  Orompton  &  Co.,  of 
Chelmsford,  of  a  capacity  of  300,000  watts.  With  this  powerful 
machine  the  Cowles  Syndicate  reduce  from  its  oxides,  in  a  run  of 
about  one  hour,  upwards  of  20  pounds  of  metallic  aluminium  in  its  most 
valuable  alloyed  state — that  of  aluminium  bronze — at  a  cost  far  below 
that  at  which  it  could  be  produced  by  any  other  known  means.  The 
raw  material  generally  used  by  the  Cowles  Company,  at  their  works 
in  Lookport,  U.S.A.,  is  corundum,  but  for  carrying  out  the  manu- 
facture  in  this  country  it  is  found  that  they  can  use  not  only  corun- 
dum, but  also  bauxite,  wochleinite,  and  other  aluminous  ores  which 
are  plentifully  distributed  in  various  parts  of  the  world. 

In  Fig.  156.  a  view  is  shown  of  a  series  of  electric  furnaces  erected 
at  the  new  works  at  Stoke-on-Trent,  the  current  being  supplied  by 
the  larg^  Crompton  dynamo  referred  to. 

The  production  per  machine  of  the  capacity  above  named  at  the 
Stolra  works  is  stated  to  be  considerably  above  one  ton  of  ten  per  cent, 
alumiziinm  alloy  per  day.  With  this  machine,  which  is  rather  more 
than  one-fourth  larger  than  the  Brush  *'  Colossus  "  machine  running 
at  the  Lookport  works  in  America — the  production  is  proportionately 
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v«r]r  much  greater,  and  eridenoes  sIbo  tliHt  the  Cowlea  procem  IB  capable 
of  opentiD^  dTnamos  of  almost  nnj  magnitude.  We  nnderataiid  tint 
a  eecond  dynamo,  having  a  guaranteed  capacitj  of  402,000  watte,  i) 
in  coureo  of  oonstmotion  and  wHJ  ahortlj  bo  pnt  down  at  the  Sloke 
works.  The  produotion  of  aluminium  alloja  by  thia  proceaa  bu 
recently  lieen  much  simplified,  with  a  proportionate  reduction  in 
ooBt,  and  it  is  believed  to  be  probable  that  theae  aUoye  will  suon  br 
marfcetaUe  at  prices  oompetitig  with  t^e  common  metalu  and  oHdjs. 


Fig.  156 

The  Cowles  Syndicste  are  also  making  a  ferro-alaminiam  aHay;  with 
a  new  continnons  furnace,  from  which  the  product  mna  direct  in  'M 

When  we  lyinsider  the  enonnous  importance  of  alnminiiun  aJlovs— 
aluminium  bronze,  perhaps,  more  especially — and  the  numerous  pnr- 
poses  tor  which  they  are  particularly  applicable,  a  few  details  oon- 
oeminp  the  alloys  manufactured  by  the  Cowlos  furnace  may  not  be 
nuinterentiug.  One  of  tbe  moat  important  purpoees  to  which  alnmi- 
nium  bronze  —  if  obtainable  in  large  quantity  and  at  a  modfrate 
cost— could  he  applied,  would  be  in  the  manufacture  of  heavj 
ordnance.  Indeed,  Mr.  J.  W.  Richards,  Instructor  in  Uetallnrgy  in 
the  Lehigh  University.  Bethlehem,  Fa.,  U.^.  A.,  baa  stated  that  "  the 
most  recent  action  of  the  Italian  Qovemmemt  in  the  artillery  line  i> 
the  replacement  of  4,000  steel  field-pieces  by  bronze  or  gnn-metil 
pieoeB,  the  advantage  of  the  latter   being  that  while  as  safe  from 
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bursting,  and  as  efleotiye  as  steel  gnns  of  equal  weight,  they  can  be 
oast  at  much  less  expense  and  to  greater  perfection  than  steel  g^uns. 
Such  being  the  advantages  in  using  ordinary  g^un-bronze,  let  me  ask 
if  it  is  not  in  the  power  of  our  Gk)yemment  to  take  a  step  in  advance 
of  the  best  and  most  recent  artilleiy  practice  by  undertaking  to  oast 
its  heavy  guns  of  aluminium  bronze  P  "  Following  up  Mr.  Biohards* 
sensible  suggestion  to  the  American  Government,  may  we  express  a 
hope  that  our  own  Government  will  seriously  consider  the  advisability 
of  turning  its  attention  to  the  same  alloy  for  our  own  naval  and  military 
ordnance  ?  Respecting  the  tensile  strength  in  lbs.  per  square  inch  of 
Gowles*  aluminium  bronze,  as  compared  with  that  of  some  other  metcls 
and  alloys,  the  following  data  are  given  by  the  manufacturers : — Cast 
copper,  24,000 ;  gun-bronze  of  copper  and  tin  (cast),  3Q,ooo ;  cast 
gpui-metal  (U.S.  Ordnance),  30,000;  steel  plates  (rolled),  81,000; 
cast  steel,  average  Bessemer  ingots,  63,000;  Gowles'  aluminium 
bronze,  in  eastings,  100,000 ;  the  ''special "  grade  of  the  same  has,  in 
eastings y  i\  tensile  strong^  up  to  130,000.  It  should  be  mentioned  that 
in  the  latter  g^rades  of  this  alloy  a  small  percentage  of  silicon — about 
one-tenth  the  percentage  of  Ihe  aluminium — is  combined  with  the 
alloy,  that  is  to  say  about  11*3  per  cent,  of  aluminium  and  silicon  are 
added  to  pure  Lake  Superior  copper  to  form  this  special  alloy.  Messrs. 
Gowles  state  that  every  ingot  of  alloys  made  at  their  works  has  a  test 
bar  made  from  it,  which  is  tested  in  a  machine  built  by  Tinius  OUen 
&  Go. ,  of  Philadelphia,  a  trustworthy  machine,  and  one  used  in  many 
of  the  colleges  and  ironworks  in  the  States,  and  tlie  record  of  all  tests 
is  carefully  preserved.  The  grade,  tensile  strength,  and  elongstion 
are  stamped  upon  each  ingot. 

The  beautiful  golden  -yellow  colour  of  the  ten  per  cent,  aluminium 
bronze  renders  it  highly  suitable  for  the  manufacture  of  art  metal 
work,  SLQce  it  has  not  only  a  richer  colour  than  brass,  but  it  is  also 
much  less  liable  to  corrosion.  We  have  seen  some  very  pleasing 
specimens  in  the  form  of  salvers,  oandlestioks,  sugar-bowls,  salt-cellars, 
&c.,  manufactured  from  this  bronze,  which  by  contrast  would  really 
form  very  pretty  table  ornaments  when  mingled  with  articles  of  silver 
or  electroplate. 

TlM  Blaetrolytle  Belining  of  mekM. — ^Frankly  there  is,  at 
present,  no  known  and  commercially  workable  process  for  nickel  refining 
by  electrolyslB,  but  it  is  stated  that  such  a  process  is  conducted  secretly 
at  the  Balbach  Smelting  and  Refining  Company's  Works  at  New  Jersey, 
U.S.A.,  whilst  the  Orford  Copper  Company  showed  some  thick 
plates  of  electro-deposited  nickel  at  the  1901  Glasgow  Exhibition; 
and  in  England  Messrs.  Thomas  Bolton  and  Sonn.,  of  Cheadle,  are 
credited  with  bein^  able  to  successfully  refine  nickel  olectrolytically ; 
but  agfain  the  method  employed  is  kept  scrupuloub]  7  secret.    With 
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regard  to  these  secret  processes  it  is  interesting  to  note  that  Tittu  Ulke, 
in  a  paper  published  in  the  Electrical  Review,  of  Kew  York,  early  last 
year  (vol.  38,  p.  85  and  pp.  ioi-103,  1901),  states  that  the  Balhach 
Works,  which  were  estimated  in  1900  to  have  a  daily  ontpnt  of 
6,000  lbs.  of  metallic  nickel,  have  probably  ceased  to  operate  electrically. 
Dr.  Mond  states  that  the  total  world  consumption  of  metallic  nickel  was 
about  9,000  tons  per  annum  in  1900,  but  the  world's  production  in 
1896  was  4,603  metric  tons  {Enginee$'ing  and  Mtning  Journal,  October 
16,  1897,  p.  452)- 

There  can  be  no  doubt  whatever  that  a  really  successful  method 
for  electrolytically  refining  nickel  on  a  conunercial  scale  would  yield  a 
very  large  profit. 

The  chief  difficulty  in  nickel  refining  is  caused  by  the  fact  that  dense 
and  reguUne  deposits  of  the  metal  cannot  be  obtained  at  the  cathode ; 
after  the  deposit  attains  a  certain  and  very  moderate  thickness  it  flakes 
or  peels  off.  It  would  be  fairly  simple  to  obtain  electrolyticaUy 
deposited  nickel  in  the  form  of  scales  and  flakes,  but  this  material 
would  require  remelting,  and  the  high  melting  point  of  nickel, 
together  with  its  ozidisability,  would  render  such  a  remelting  process 
very  costly. 

An  interesting  paper  on  nickel,  by  F.  Foerster,  appeared  in  the 
Zeitschrift  fur  Elektroehemie,  vol.4,  pp.  160-165,  and  was  abstracted 
in  the  Journal  of  the  Society  of  Chemical  Industry ,  vol.  16,  1897, 
p.  808.  The  author  found  that  with  soluble  nickel  anodes,  and  an 
electrolyte  consisting  of  an  aqueous  solution  of  commercial  nickel 
sulphate  (10  parts  by  weight  of  water,  and  1*5  parts  by  weight  of  nickel 
sulphate),  if  the  electro-deposition  were  carried  out  at  the  ordinaiy 
temperature  thin  flakes  of  non-adherent  metal  could  only  be  obtained, 
but  if  the  temperature  of  the  bath  was  raised  to  from  50°  to  90°  G. 
tough  cakes  of  metallic  nickel  could  be  obtained  of  any  desired  thickress 
from  either  the  sulphate  solution,  or  from  the  chloride  slightly  acicUiled 
with  0*25  per  cent,  hydrochloric  add.  The  best  deposits  were  ob- 
tained with  a  current  density  of  200  to  250  amperes  per  square  metre 
(s  18*5  to  23  amperes  per  sq.  ft.),  a  silver  white  deposit  being  obtained. 
If  the  current  density  were  reduced  as  low  as  50  amperes  per  squai-e 
metre  (4*6  amperes  per  square  foot),  the  deposited  metal,  although  sdll 
compact,  had  a  dull  grey  coloured  surface.  The  higher  the  current 
density  employed  the  smoother  and  brighter  coloured  was  the  deposit. 

The  analysis  of  the  deposited  nickel  obtained  by  Foerster  showed  it 
to  contain  all  the  iron  and  cobalt  which  had  been  present  in  the  anode, 
so  that  no  very  satisfactory  refining  action  had  occurred.  It  is, 
however,  probable  that  if  some  organic  add  were  present  the  separation 
of  the  iron,  at  least,  might  be  attained,  but  in  this  case  the  iron  would 
eollect  in  the  eleotzolyte,  from  which,  however,  it  might  probably  be 
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separated  from  time  to  time  as  a  basio  organic  salt  hy  oxidmng, 
neutralising,  and  then  boiling  the  solution.  iFoeiBter  found  that  the 
pieeenoe  of  organic  matter  from  vegetable  parchment  or  muslin  bags 
surrounding  the  anodes  which  were  acted  upon  by  the  solution  had  a 
very  prejudicial  action  upon  the  metal  deposited,  rendering  it  brittle 
and  non- adherent.  This  action  of  the  solution  and  the  current  on  the 
muslin  and  vegetable  parchment  was  much  more  marked  with  the 
solution  of  nickel  chloride  than  when  the  sulphate  was  used.  The 
somewhat  high  current  densities  employed  caused  a  good  deal  of 
evolution  of  hydrogen  at  the  cathode,  no  doubt  accompanied  by  the 
usual  drawbacks  of  polarisation  and  reduced  yield  of  metal.  In  order 
to  avoid  the  roughening  of  the  cathode  by  the  bubbles  of  hydrogen 
evolved,  Foerster  had  recourse  to  vigorous  stirring.  It  appears  to  the 
present  writer  that  if  with  the  nickel  sulphate  solution  free  from 
nitrates  an  admixture  of  sodium  chloride  and  boric  acid,  as  recom- 
mended for  nickel  plating  {see  pages  303,  333  and  334),  were  used  as 
electrolyte,  and  if  acetic  acid  or  sodium  acetate,  or  perhaps  a  tartrate, 
were  present  in  the  solution,  the  iron  would  probably  be  retained  in 
the  solution,  and  could  afterwards  be  removed  by  neutralising  with 
ammonia,  boiling  and  filtering,  and  more  satisfactory  results  than  those 
obtained  by  Foerster  might  be  forthcoming.  He  also  made  experiments 
upon  the  electrolysis  of  solutions  of  nickel  chloride  containing  about 
100  grams  of  nickel  per  litre,  with  \  per  cent,  of  free  hydrochloric  acid, 
at  a  temperature  of  about  So**  C,  employing  plates  of  carbon  for 
anodes.  With  a  current  density  of  18*5  ampdres  per  square  foot, 
excellent  deposits  of  nickel  were  obtained  at  first,  but  in  time,  due  to 
the  action  of  the  hot  solution  and  the  current  upon  the  carbon  anodes, 
the  electrolyte  became  contaminated  with  soluble  organio  materials, 
which  caused  the  deposited  nickel  to  deteriorate  very  much  in  quality, 
in  fact  to  be  useless  for  any  commercial  employment. 

Titus  Ulke  states  {Engineering  and  Mining  Journal^  63  [5],  pp.  1 13, 
1 14)  that  the  nickel  anodes  employed  at  Balbach  in  1806,  and  which  are 
purchased  from  the  Orford  Copper  Company's  Works,  at  Conbtables 
Hook,  N. J.,  had  the  following  composition ; 

Nickel  •        •        •        I        •        •        •        ,        I        95  per  cent 
Copper 055  „ 

Iro*^ 075  >. 

Silica 025  „ 

Carbon .        •        • 045  „ 

Sulphur        •#•..,..         3'oo  „ 


lOO'OO 


Five  ounces  of  platinum  per  ton  is  idso  present. 
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The  electioljtically  refined  cathode  plates  obtained  measure  about 
20  inches  by  30  inches,  and  are  said  to  be  0*375  inch  thick ;  they  are 
very  tongh  and  elastic,  and  will  not  break  or  cnjck  under  the  hammer. 
As  stated  above  this  firm  exhibited  some  fine  plates  of  electro-deposited 
nickel  at  the  1901  Glasgow  Exhibition.  Thicker  cathode  plates  of 
nickel  are  difficult  to  obtain,  owing  to  the  scaling  and  fiaking  which 
occurs,  and  which  is  said  to  be  due  to  surface  oxidation. 

The  chemical  composition  of  the  refined  nickel  obtained  is  as  follows : 

L  n. 

Nickel •        .  99*5  997 

Coppet o-i                o'3 

Arsenic •  0*03              0*03 

Sulphur      ,        .        I        .        •        •        .  o*02              oca 

Iron     .        t        .,...%  o'l                o*i 

Platinum    .        , trace  trace 

9975  rooos 

About  1,000  lbs.  of  this  pure  nickel  was  produced  per  diem,  iu  1896, 
at  the  Balbach  Works  {EUetrician,  vol.  39,  p.  337,  1897). 

Titus  Ulke  states  that  the  electrolytic  refinement  of  the  nickel  at 
Balbach  is  effected  in  an  ftlVft-liTiA  cyanide  solution,  but  as  the  method 
employed  has  been  carefully  kept  secret,  and  as  nickel  is  practically  never 
deposited  from  cysmide  solutions  in  electro-plating  work,*  there  appears 
to  be  a  good  deal  of  doubt  as  to  the  accuracy  of  XTlke's  guess.  The 
Balbach  Works  are  now  said  to  have  given  up  the  electrolytic  process, 
see  p.  626. 

The  Canadian  Copper  Company,  of  Cleveland,  Ohio,  in  1897  are  stated 
to  have  erected  an  experimental  plant  for  operating  a  method  of  nickel 
refining  devised  by  T.  TTlke.  This  process  is  designed  to  treat  i  ,000  Iba. 
per  diem  of  a  bessemerised  nickel  matte  containing  on  the  average : — 

« 

Copper 43'o  parts  per  centb 

Nickel        •        •        •        •        •  40'o       „  „ 

Iron •         0*3      „  „ 

Sulphur     ...        .        .        •  137      .t  fi 

With  about  7  ounces  of  silver  and  0*1  ounce  to  0*2  ounce  of  gold  per 
ton.  It  is  stated  {Zeitt,  fur  Elektroehemie,  June  5,  1897 ;  and 
abstract  Elecirieian,  vol.  39,  1897,  p.  337),  that  if  a  separation  of  the 
nickel  and  copper  is  desired  this  bessemerised  matte  cast  in  the  form 
of  slabs  is  employed  as  anode  material  in  a  bath  of  dilute  sulphuric 
acid.  The  copx>er  is  first  deposited  in  an  add  solution,  and  then  after 
msiking  the  bath  neutral  or  slightly  alkaline,  the  electrolysis  is  con- 
tinued and  a  deposition  of  the  nickel  is  obtained.    The  whole  of  this 

•  See  p.  305. 
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statement  is,  howeTer,  very  vagnie,  and  very  wanting  in  detail.  It  is 
diificiilt  to  see  how  the  method  proposed  could  be  run  commercially. 

It  has  been  sometimes  suggested  that  the  unsatisfactory  condition  in 
which  electrolytic  nickel  deposits  axe  usually  obtained  is  due  to  the 
partial  oxidation  of  the  surface  of  the  deposit,  and  consequent  want 
of  adherence  of  the  subsequently  deposited  metal.  This  idea  is, 
however,  supposed  to  be  negatived  by  the  experiment  made  by 
Bischoff  and  Thiemann  in  1895.  These  investigators  were  en- 
deavouring to  prepare  pure  nickel  by  electrolysis  from  its  pure  salts 
in  order  to  furnish  Winkler  with  material  on  which  to  make  a 
determination  of  the  atomic  weight  of  nickel ;  and  they  found  that 
the  deposited  metal  peeled  off  the  cathode  in  flakes,  and  to  test  it 
as  to  whether  or  no  it  contained  oxygen,  a  considerable  weight  of  the 
deposit  was  heated  to  redness  in  a  current  of  purified  hydrogen,  but  no 
alteration  of  weight  took  place,  and  hence  the  freedom  from  all 
oxygen  was  assumed.  For  my  part,  however,  I  do  not  think  that  a 
gravimetric  experiment  is  really  capable  of  deciding  whether  or  no  the 
mechanical  faults  of  an  electrolytic  deposit  are  due  to  the  presence  or 
absence  of  a  material  such  as  oxygen.  The  question  is,  I  think,  still 
an  open  one.  It  is  at  least  as  likely  that  the  trouble  is  due  to  hydrogen, 
for,  as  has  already  been  noticed,  if  a  considerable  quantity  of  sodium 
chloride  is  present  in  the  solution  (which  would  tend  to  prevent  the 
direct  deposition  of  hydrog^  at  the  cathode),  a  more  reguline  and 
adhesive  deposit  is  obtained  (p.  333)  than  when  this  addition  is 
neglected. 

B.  Neumann  (ZHtsehrift  fur  Mektroehemie,  vol.  4,  pp.  316-322,  and 
333-338,  1898)  concludes  that  it  is  not  possible  to  separate  nickel  and 
copper  on  the  commercial  scale  because,  when  the  solution  becomes 
weak  in  copper,  a  very  unsatisfactory  type  of  copper  deposit  is  found 
to  be  deposited,  and  he  suggests  that  the  best  method  is  to  partially  re- 
move the  copi>6r  from  solution  by  means  of  the  electric  current,  and  then 
when  the  solution  gets  so  weak  in  copper  that  there  is  only  about  0*01 
grams  of  copper  per  cubic  centimetre  of  solution  the  electrolysis  should 
be  stopped,  and  the  copper  precipitated  by  sulphuretted  hydrogen,  and 
the  nickel  then  electrolysed  out  of  the  filtered  solution.  Neumann  also 
states  that  it  is  useless  to  attempt  to  remove  iron  from  nickel  solutions 
by  blowing  air  through  them  whilst  they  are  kept  heated,  for  even  if 
the  treatment  is  continued  for  nineteen  hours  25  per  cent,  of  the  iron 
originally  present  still  remains  in  the  solution.  It  must  be  confessed 
that  Neumann's  suggested  method  for  separating  nickel  and  copper 
on  the  commercial  scale  by  partial  electrolytic  and  partial  chemical 
treatment  smacks  somewhat  of  the  laboratory,  with  beakers  and  stirring 
rods  for  manufacturing  plant.  An  abstract  of  this  paper  appears  in 
Science  Abitracls,  vol.  2,  p.  217, 
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Xond's  Hick«l  B«lliiins  Troeaas. — ^Dr.  Ludwig  Mond's  -very 
eztraordinaiy  difxsoTery  in  1890  of  a  Tolatile  componnd  of  metallic 
nickel  and  carbonic  oxide,  from  which  compound  the  pure  nickel  can 
again  be  removed  hy  heat,  and  the  carbonic  oxide  gas  employed  once 
more  for  removing  freeh  amounts  of  nickel  from  the  ore  is,  of  course, 
in  no  way  an  electrolytic  process,  but  it  offers  such  an  extremely 
simple  method  of  obtaining  pure  metallic  nickel  (if  the  costs  of  working 
on  the  commerciBl  scale  are  not  prohibitive)  that  it  must  always  be 
considered  when  coming  to  any  conclusion  as  to  the  value  of  any 
electrolytic  process  for  nickel  refining.  The  experimental  Mond  works 
at  Smethwick  have  manufactured  over  50  tons  of  nickel  by  this 
method,  and  veiy  satisfactory  reports  as  to  the  quality  of  the  metal 
were  made  by  the  consimierB  to  whom  it  was  sold.  The  process  has 
now  been  taken  up  by  a  company  asking  for  a  capital  of  ;^6oo,ooo 
(May  14,  1901),  but  whether  it  will  prove  as  successful  as  has  been 
hoped  must  be  settled  by  the  future.  No  less  than  70  patents  have 
been  taken  out,  of  which  six  are  for  Great  Britain,  and  the  dates  and 
numbers  of  these  English  patents  are  as  follows : — 

12,626,  12th  August,  1S90;  21,025,  24th  December,  1890;  8,083, 
nth  May,  1891 ;  23,665, 10th  December,  1895;  23,665a,  xoth  December^ 
1895;  1,106,  Z4th  January,  1898. 

The  feature  which,  on  the  surface,  appears  most  unfavourable  to  tiie 
Company  is  the  fact  that  the  earliest  patent  is  already  eleven  years  old. 
The  Company  has,  however,  acquired  the  mining  rights  over  no  less 
than  4,913  acres  of  nickel  bearing,  and  reputedly  nickel  bearing,  land 
at  Denison,  Garsou,  and  Blezard,  in  the  Sudbury  district,  Ontario, 
Canada.  The  nickel  ore  is  to  be  smelted  for  a  bessemerised  matte  at 
Sudbury.  The  matte  will  contain  about  40  per  cent,  of  nickel  and 
40  per  cent,  of  copper,  and  will  be  transported  to  Clydach,  near 
Swansea,  in  "Wales,  where  it  will  be  treated  by  the  Hond  process. 
At  the  works  erected  there  an  annual  output  of  1,000  to  1,500  tons  of 
nickel  can  be  obtained.  The  Company  state  that  the  present  (1901) 
price  of  refined  nickel  per  ton  is  £165,  whilst  its  average  price  for  the 
past  five  years  has  been  about  £125. 

(In  concluding  this  section  on  the  commercial  electrolytio  methods 
of  obtaining  nickel,  or  rather  their  absence,  I  would  counsel  any  one 
who  contemplates  experimenting  in  order  to  place  this  branch  of 
electrolytic  refining  upon  a  more  satisfactory  basis  to  read  carefully 
the  sections  of  tliis  volume  written  by  the  late  Mr.  Alexander  Watt  on 
the  subject  of  the  electro-plating  of  nickel  (pp.  288-338  and  460-464), 
which  contain  a  large  amount  of  useful  information  on  this  matter 
not  usually  treated  in  such  full  detail,  and  owing  not  a  little  to  that 
writer's  long  personal  experience  of  the  practical  details  of  ihesa 
operations. — A.  P.) 
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CNQvanised  Iron. — ^The  galvanismg,  or  plating  of  iron  with  zinc, 
by  electro-deposition  has  iilrcady  been  described  in  the  1889  edition 
of  this  work,  pp.  345-347,  and  this  description  of  gfalvanising  from 
Watt's  Alkaline  Solations  and  from  Hermann's  Sulphate  Solutions  is 
retained  in  the  present  edition,  pp.  353-355.  From  May,  1891,  the 
present  writer  undertook  a  prolonged  investigation  of  the  best  means  of 
depositing  a  sound  and  adhesive  coating  of  zinc  upon  iron  by  means  of 
electrolysis,  and  for  this  puipose  the  behaviour  of  a  very  large  number 
of  solutions  of  zinc  salts  was  examined  at  different  temperatures,  and 
employing  different  cuixent  densities.  The  general  result  of  these 
investigations  was  as  follows : — 

1st.  Nature  of  Solutions, — Aqueous  solutions  of  zinc  sulphate, 
and  of  this  salt  mixed  with  about  molecular  proportions  of  sodium 
sulphate,  potassium  sulphate,  ammonium  sulphate,  aluminium  sul- 
phate, and  magniesium  sulphate,  all  gave  electrolytes  from  which  good 
and  adherent  deposits  of  metallic  zinc  could  be  obtained  by  electro- 
lysis, but  on  the  whole  a  solution  of  zinc  sulphate  and  magnesium 
sulphate  in  molecular  proportions,  and  containing  about  30  ounces 
avoirdupois  of  zinc  sulphate  per  gallon,  was  the  solution  which 
yielded  the  most  satisfactory  results.  Zinc  deposited  from  this  solution 
did  not  contain  more  than  a  very  small  trace  of  magnesium,  and  it  is 
quite  possible  that  the  amount  detected  (0*028  parts  i>er  cent.)  may 
have  been  due  to  the  small  traces  of  the  magnesium  salt  dissolved  in 
the  electrolyte  adhering  to  the  deposited  metal. 
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2tid.  Temperature  of  Solutions, — In  almost  all  the  solutions  men* 
tioned  above  the  his^h  temperature  of  the  solution  was  an  advantage 
for  two  reasons :  Firstly,  the  resistance  of  the  baths  was  decreased  and 
therefore  the  power  required  was  diminished,  and,  secondly,  and  this 
is  of  far  greater  importance,  the  nature  of  the  deposit  obtained  was 
more  regular  and  coherent.  Any  temperature  up  to  95**  G.  may  be 
used  with  advantage,  but  probably  a  temperature  of  about  50°  G.  will 
be  most  useful,  as  the  higher  temperature  causes  gpreater  inconvenienoe 
due  to  loss  of  electrolyte  from  evaporation  and  cost  of  fuel  for 
heating. 

3rd.  Currmt  Density, — It  was  found  with  these  solutions  that  in 
confirmation  of  Kiliani's  results  (p.  355  of  this  book)  very  low  current 
densities,  and  also  small  strength  of  zinc  salt,  gave  bad  deposits,  but 
that  as  the  current  density  increased  better  results  were  obtained. 
With  a  current  density  of  30  amperes  per  square  foot  of  the  surface 
being  plated  with  zinc  very  good  deposits  were  obtained  from  hot 
solutions  of  the  magnesium  and  zinc  sulphate  solution  described  above, 
and  the  current  could  even  be  increased  to  as  high  as  40  ampdres 
per  square  foot  of  surface  plated,  and  satisfactory  coatings  be  deposited, 
but  the  best  results  were  obtained  with  a  current  of  from  20  to  30 
amperes  per  square  foot.  Good  deposits  are  obtained  at  any  lower 
current  density  down  to  6  ampdres  per  square  foot.  Above  45  ampdres 
per  square  foot  the  coatings  were  bad. 

4th.  Voltage  required, — ^The  volts  required  to  run  a  zinc  deposit- 
ing vat  in  which  the  electrodes  were  two  equal -sized  rectangular  plates, 
at  a  distance  of  sLz  inches  apart,  and  with  a  current  density  of  30 
amperes  per  square  foot  of  surface,  at  a  temperature  of  about  50°  G., 
was  found  to  be  4*5  volts ;  with  a  larger  distcmoe  between  the  electrodes 
the  required  e.  m.  f.  under  the  same  conditions  would  of  course  be 
correspondingly  increased,  and  if,  instead  of  a  zinc  plate  anode,  a  lead 
or  carbon  anode  is  used,  a  further  increase  of  voltage  is  required  to 
overcome  the  back  e.  m.  f.,  due  to  the  employment  of  insoluble 
anodes. 

5th.  Weight  of  Zine  aetnaUy  deposited  per  hour,— 11  a  current 
density  of  30  amperes  per  square  foot  of  surface  plated  is  employed, 
the  weight  of  zinc  deposited  per  hour  should  theoretically  (if  nothing 
but  zinc  is  liberated  at  the  cathode  and  if  there  is  no  leakage)  weigh 
I  '282  ounces  per  square  foot  of  surface.  As  a  matter  of  fact,  however, 
it  was  found  that,  due  to  secondary  reactions,  leakage,  etc.,  the  actual 
weight  of  zinc  deposited  was  not  much  greater  than  about  75  per  cent, 
of  the  theoretical  amount  which  should  have  been  obtained,  that  is,  a 
deposit  made  at  a  current  density  of  30  amperes  per  square  foot  of 
surface  plated  svould  in  an  hour  weigh  about  0*96x5  ounce  avoirdnpoiB, 
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Instead  of  1*282  ounces.  If  a  current  density  of  20  amperes  per  square 
foot  of  surface  is  employed,  a  coating  of  zinc  weighing  i^  ounces  of 
zinc  per  square  foot  of  surface  of  the  iron  would  be  deposited  in  about 
two  hours. 

6th.  ^oteetive  Effect  of  Meetro-deposUed  Zinc— Sir  W.  H. 
Preeoe  has  prescribed  a  test  for  examining  the  character  and  thickness 
of  metallic  zinc  deposits,  which  is  known  as  the  Fl'eeoe  test.  This  test, 
as  modified  by  the  present  writer,  consists  in  immersing  the  zinc-coated 
Iron  in  a  saturated  solution  of  copper  sulphate  at  a  temperature  of 
15°  0.  for  one  minute,  and  then  immediately  removing  the  object 
from  the  copper  solution,  it  is  placed  under  a  rapidly  running  stream 
of  water  from  a  tap,  in  which  it  is  well  shaken  ;  this  treatment 
will  remove  any  of  the  loose  flocculent  deposit  of  copper  which  has 
been  formed  on  the  surface  of  the  zinc  by  the  zinc  displacing  the  copper 
in  the  copper  sulphate  solution,  but  if  the  zinc  has  been  so  far  removed 
as  to  expose  the  surface  of  the  underlying  iron  to  the  action  of  the 
copper  solution,  a  much  more  coherent  deposit  of  bright  looking  copper 
is  deposited  on  the  iron,  tokich  is  not  removed  by  the  ehaking  in  the 
stream  of  rapidly  flowing  water  from  the  tap.  The  number  of  successive 
times,  therefore,  that  a  zinc-coated  piece  of  iron  wUl  withstand  this 
treatment  by  Preece's  test  is  a  measure  of  the  thickness  and  regularity 
of  the  protective  zinc  coating.  It  must  be  noted  here  that  although 
copper  dex)osited,  as  above  described,  upon  a  wrought-iron  or  nuld 
steel  surface  will  adhere  so  iirmly  that  it  cannot  be  detached  by  briskly 
rubbing  with  the  surface  of  the  finger  under  water,  yet  if  the  iron 
is  very  steely  in  character,  i.e.,  contains  a  large  amount  of  carbon,  as 
for  instance  is  the  case  in  what  is  known  as  plough  steel  wire,  the 
copper  deposited  on  the  steel  surface,  although  bright,  is  readily 
removed  by  rubbing  with  the  surface  of  the  fingers,  but  it  is  not 
removed  by  shaking  the  article  under  a  rapid  stream  of  water  from  an 
ordinary  water  service  tap;  whilst,  finally,  copper  deposited  upon  a 
zinc  surface  is  quickly  washed  gS.  by  this  treatment.  It  is,  therefore, 
necessary  to  carry  out  tests  by  this  means  with  caution,  or  misleading 
results  will  be  obtained.  The  saturated  copper  solution  should  be  kept 
stored  in  a  large  bottle,  and  only  small  portions  should  be  taken  out  for 
each  dip  in  a  small  beaker,  and  should  not  be  again  used  or  returned  to 
the  bottle,  but  should  be  thrown  away.  The  number  of  times  a  zinc- 
coated  piece  of  iron,  which  has  been  coated  by  zinc  by  some  given 
method,  will  withstand  Preece's  test,  is  proportional  to  the  amount  of 
the  zinc  per  unit  of  surface  of  the  iron  covered  by  it ;  but  the 
protective  effect  also  depends  upon  how  the  zinc  coating  has  been 
applied,  and  I  have  found  that  undoubtedly  the  same  weight  of  zinc 
per  unit  of  surface  of  iron  has  a  greater  protective  action  against  the 


634  KLECTBO-aALVAKISlMO. 

Preece  test  when  it  has  been  deposited  electxolitically  than  is  the 
when  it  has  been  deposited  by  the  ordinary  hot  galvanising  process  of 
dipping  the  iron  surface  into  the  melted  zinc.  The  following  are  some 
results  iUustrative  of  this  fact : — 
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Apparently  with  zinc  coatings  obtained  by  the  old-fashioned  hot 
galvanising  method  the  amount  of  zinc  required  to  protect  an  iron 
surface  so  that  it  tvill  withstand  one  one-minute  immersion  in  the 
saturated  copper  sulphate  solution  at  15^  G.  is  about  0*248  oxmoe 
avoirdupois  per  square  foot,  but  owing  (especiaUy  in  the  case  of  wires) 
to  the  irreg^ularity  of  the  thickness  of  the  zinc  coating,  the  amount 
may  become  as  great  as  0*4  ounce  per  square  foot,  whilst  in  &e  case 
of  electro -deposited  zinc  as  little  as  0*166  ounce  per  square  foot  of 
surface  will  afford  the  same  protective  effect.  The  reason  of  this 
difference  is  po:*sibly  due  to  the  fact  that  the  greater  purity  of  the 
coating  zinc,  when  electro-deposited,  renders  local  action,  and  hence 
corrosion,  smaller  than  is  the  case  with  the  less  pure  zinc  employed  in 
the  hot  gfalvanising  metiiods. 

Since  1891,  the  date  at  which  the  results  described  above  were 
obtained  by  the  present  writer,  and  also  to  a  smaller  extent  before  that 
date,  a  large  amount  of  ironwork  covered  with  electro-deposited  zinc 
has  been  turned  out  on  a  commercial  scale,  but  precise  details  of  the 
works  where  this  was  done  were  not  published,  in  so  far  as  I  am  aware, 
until  comparatively  recently.  I  have,  however,  examined  several 
samples  of  iron  and  steel  wire  and  other  articles  zinc-coated  electrically 
on  a  commercial  scale  before  1 89 1.  I  believe  that. the  Warring^ton  Wire 
Rope  Company  galvanised  wire  by  this  electro-plating  process,  as  also 
Messrs.  Ramsden,  Camm  and  Company,  and  Messrs.  Siemens  Brothers. 
Elmore  had  brought  out  a  patent  for  electro-zincing  iron  wires,  and  at 
the  same  time  burnishing  Uieir  surface,  Eng.  patent  9,214,  1886.  in 
all  these  cases  samples  of  wire  supplied  by  these  firms  had  a  thin  coating 
of  zinc  which  would  not  in  any  case  stand  as  many  as  two  immersions 
by  Preece' s  test,  although  they  would  all  stand  one  immersion.  The 
adhesion  of  the  zinc  to  the  underlying  iron  was  excellent.    Ths^  also 
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all  showed  the  peculiarity  of  having  the  deposit  of  zinc  nnifoimly 
thicker  along  one  side  of  the  wire,  as  though  indeed  a  straight  line 
had  been  ruled  along  the  side  of  the  wire.  This  appearance  cannot  be 
observed  in  wire  galvanised  by  the  old-fashioned  hot  galvanising 
method,  and  is  no  doubt  due  to  the  fact  that  in  these  cases,  as  the  wire 
runs  through  the  electrolytic  galvanising  troughs,  the  anodes  are 
arranged  beneath  it  and  at  its  side,  but  not  above  it,  as  should  also 
have  been  done. 

In  1893  Richter  electro-deposited  zinc  upon  iron  tubes  and  still- 
woims  by  the  following  method,  described  in  1895  {ZeiUehrift  fur 
EUktroteehnik  und  Elektrochemiey  1895,  pp.  79-82,  and  pp.  98-103,  and 
Joum,  Soc.  Chetn.  Ind.,  vol.  14,  1895,  p.  874)  .'—Wrought  iron 
tubes  6  metres  long  were  coated  both  internally  and  externally  with 
zinc  from  a  solution  of  zinc  sulphate  in  water  having  a  specific  gravity 
of  1*2  (=:  50  ounces  of  zinc  sulphate  per  gallon).  Spirals  or  still  worms 
of  tube  as  much  as  2  metres  in  diameter,  and  containing  300  metres  of 
tubing,  were  also  coated.  The  deposit  of  zinc  was  0*05  millimetres 
thick,  and  was  deposited  in  ten  minutes.  The  current  density  was 
from  20  to  30  amperes  per  square  foot.  At  this  current  density,  and 
up  to  as  high  a  value  as  nearly  70  amperes  per  square  foot,  the 
deposit  obtained  was  found  to  be  adherent,  ductile  and  silvery  white  in 
colour.  Powdery  and  loose  deposits  were  only  noticed  when  the 
current  density  was  pennitted  to  become  too  small.  The  author  states 
that  in  order  to  obtain  successful  deposits  of  zinc  two  things  are 
necessary ;  (i)  a  very  oaieful  cleansing  of  the  surface  upon  which  the 
zinc  is  to  be  deposited ;  and  (2)  a  uniform  current  density.  Richter 
employs  the  following  routine  for  cleansing  the  ironwork.  First, 
grease  is  removed  by  dipping  the  article  in  a  10  per  cent,  solution  of 
caustic  soda  heated  nearly  to  its  boiling  point.  After  draining,  the 
articles  are  next  placed  in  a  pickling  bath  containing  dilute  sulphuric 
acid  (7*5°  Baum6).  Grreat  care  must  be  taken  to  avoid  getting  grease 
upon  the  surface  of  the  ironwork  by  handling  it  after  it  has  been 
treated  with  the  caustic  alkali  solution,  and  it  should  be  moved  by 
means  of  pincers  and  crane  only.  After  pickling,  the  surface  is  scoured 
by  means  of  sand  and  chopped  straw,  and  any  cavities  or  depressions 
not  readily  get-at-able  are  treated  by  means  of  the  sand  blast.  After 
pickling,  the  acid  must  be  removed  as  quickly  and  thoroughly  at^ 
possible  by  first  washing  it  with  a  powerful  water  spray,  and  then 
soaking  the  iron  in  dean  water.  Oxidation  is  further  prevented  by 
adding  0*2  per  cent,  of  ammonia  to  the  soaking  water.  The  articles 
are  next  placed  in  the  plating  vat,  and  after  plating  they  are  washed 
in  warm  water,  and  then  dried  in  warm  sawdust.  Kichter  states  that 
baths  for  coatiog  7-inch  tubes  will  take  a  current  of  about  2,oco 
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amp^es,  and  that  at  this  current  density  a  pressure  of  5  volts  wiU 
suffice  for  two  baths  in  scries. 

A  very  similar  process  for  electro-deposition  of  zino  upon  iron  has 
been  used  by  S.  O.  Cowper  Coles,  and  was  described  in  the  Journal  of 
the  Society  of  Chemical  Industry  in  1896  (vol.  15,  pp.  4I4-417).     The 
solution  employed  was  a  neutral  solution  of  zinc  sulphate  containing 
40  ounces  avoirdupois  per  gallon  of  solution,  specific  g^vity  =  1*156, 
The  anodes  employed  were  of  lead,  and  the  solution  was  kept  neutral, 
or  nearly  so,  by  constantly  pumping  it  off  from  the  electrolytic  vat, 
where  the  zinc  was  removed  from  it  by  electrolysis,  and  forcing  it  to 
run  through  scrubbers  of  coke  containing  zinc  dust  or  zino  oxide,  but 
zinc  dust  was  preferred  to  zinc  oxide  on  account  of  the  comparatively 
high  price  of  zinc  oxide  if  pure.    The  scrubbers  are  in  duplicate  and 
are  used  alternately,  fresh  zinc  being  added  to  the  one  which  is  for  the 
moment  unemployed.    The  scrubbers  are  termed  regenerators  by  Mr. 
Cowper  Coles,  and  -wiih  regard  to  their  efficiency,  he  states  that  a  zinc 
sulphate  solution  containing  12*59  per  cent,  of  free  add  after  passing 
through  a  filter-bed  containing  10  per  cent,  of  zino  dust  (and  the  rest 
presumably  coke)  contained  only  0*68  per  cent,  of  free  add.     In  a 
subsequent  paper,  read  before  the  Society  of  Engineers,  October  3rd, 
1898,  this  experimenter  states  that  he  employs  a  solution  of  40  ounces 
of  zinc  sulphate  per  gallon,  together  with  5  ounces  of  ferrous  sulphate 
per  gallon,  and  he  adds  that  the  ferrous  sulphate  g^radually  becoming 
oxidised  to  ferric  sulphate  by  the  air  takes  up  add  from  the  bath  and 
tends  to  keep  it  neutral.    The  ferric  sulphate  is  of  course  once  more 
reduced  to  ferrous  sulphate  by  the  zinc  dust  as  the  solution  is  pumped 
through  the  scrubbers.    Mr.  Coles  considers  that  the  presence  of  the 
ferrous  sulphate  tends  to  prevent  the  formation  of  the  powdery  deposits 
which  are  ascribed  by  different  writers  to  the  presence  of  a  hydride  of 
zinc,  or,  as  I  think,  with  far  greater  probability,  to  the  presence  of  an 
oxide  or  hydrate.    The  great  advantage  which  Mr.  Coles  claims  for 
this  process  is  the  employment  of  zinc  dust  in  coke  or  sand  scrubbers 
for  revivifying  the  solution,  but  I  must  remark  that  this  method  was 
proposed  by  me  to  Mr.  Cowper  Coles  in  March  of  1893,  the  desoiption 
of  the  method  sent  to  Mr.  Coles  being  as  follows : — 

Draft  of  Specification  for  a  Provisional  Application  for  a  Patent  for 
Improvements  in  the  Electro-metallurgy  of  Zino. 

The  London  Metallurgical  Company,  Limited,  and  Sheraid  Osborne 
Cov^-per  Coles,  Engineer,  of  80,  Tummill  Street,  London,  E.C.,  and 
also  Arnold  Philip,  Metallurgist,  of  43,  Onslow  Road,  Richmond, 
Surrey,  do  hereby  declare  the  nature  of  this  invention  to  be  as 
follows: — 

In  order  to  prepare  metallic  zinc  by  means  of  electridty,  or  tc 
electroplate  artides  with  metallic  zinc,  we  take  excess  of  artificially 
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prepared  zinc  oxide,  zinc  hydride,  or  zinc  oxide  cax'bouate,  or  any 
mixture  of  all  or  any  of  these  compounds  of  zinc,  with  or  without  the 
addition  of  zinc  dust,  and  treat  them  with  an  aqueous  solution  of  any 
acid  which  will  foim  a  zinc  salt  soluble  in  water.  (We  employ  by 
preference  an  aqueous  solution  of  sulphuric  acid.)  When  all  the  fr^ 
acid  has  thus  become  saturated,  we  remove  the  solution  from  the 
excess  of  the  remaining  undissolved  zinc  compound  by  means  of  filtra- 
tion, settling  or  other  well-known  method.  The  aqueous  solution  of 
zinc  thus  obtained  is  next  submitted  to  electrolysis ;  as  the  zinc  is  thus 
electrically  deposited  the  solution  becomes  acid  and  is  pumped  away 
over  a  further  quantity  of  the  zinc  compound,  and  thus  resaturated, 
with  zinc.  The  method  is  thus  made  continuous,  for  a  continuous 
stream  of  an  aqueous  solution  of  a  zinc  salt  containing  a  small  quantity 
of  free  acid  is  withdrawn  from  one  end  of  the  electrolytic  bath  and 
resaturated  with  zino  by  mixing  with  a  further  quantity  of  the  zinc 
compounds,  whilst  a  constant  stream  of  fresh  electrolyte,  which 
contains  practically  no  free  acid,  enters  at  the  other  end  of  the  bath, 
thus  keeping  it  level.  To  facilitate  the  solution  of  these  compounds  we 
may  mix  them  with  any  substances  which  are  practically  insoluble  in 
the  dilute  adds  used,  as  for  instance  sand,  burnt  clay,  pebbles  or 
coke. 

It  is  therefore  clear  that  the  only  portion  of  Mr.  Coles*  patent,  2,999, 
I  ith  Feb.,  1895,  which  is  novel  is  the  admixture  of  the  ferrous  sulphate 
with  the  zino  sulphate  solution.  In  connection  with  the  above  state- 
ment it  is  interesting  to  note  that  the  Gowper-Goles  Gulvanising 
Syndicate  warn  galvanisers  and  others  ag^ainst  the  employment  of  zino 
dust,  either  in  their  zincing  baths  or  in  regenerators,  except  under 
licence  from  the  Syndicate.  The  great  advantagfes  that  are  claimed  for 
the  employment  of  zinc  dust  in  the  way  described  above  is  that  no 
Hcale  or  sludge  is  formed  in  the  electrolytic  bath,  the  formation  of 
which  is  very  difficult,  in  fact  one  may  say  impossible,  to  avoid  when 
using  metallic  zinc  anodes  or  even  gfranulated  zinc  scrubbers,  and 
moreover  the  cost  of  zinc  dust  per  ton  is  considerably  lower  than  the 
cost  of  an  equal  weight  of  zinc  in  the  form  of  any  other  pure  material 
such  as  oxide,  hydrate,  carbonate,  etc.  A  second  advantage  of  this 
method  is  that  by  its  means  the  electrolyte  can  be  readily  kept  neutral 
or  nearly  so,  which  cannot  be  done  if  toUd  zinc  anodes  alone  are 
employed. 

Another  method  of  keeping  the  zinc  solution  saturated,  however,  is, 
Instead  of  running  the  solution  over  zinc  dust  or  metallic  zinc,  to  pump 
it  hot  through  scrubbers  containing  zinc  and  copper  or  zinc  and  carbon 
in  intimate  contact,  the  electric  couple  thus  formed  setting  up  local 
action  and  thus  assisting  in  the  neutralisation  of  the  acid  present,  or 
the  scrubbers  may  contain  zinc  electrodes,  with  an  electric  current 
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flowing  from  tliom  through  the  acid  electrolyte.  These  methodB  have 
not  been  patented  and  may  therefore  be  freely  employed  by  any 
experimenter. 

Zinc  dufit  IB  a  very  fine  powder  containing  from  75  to  90  per  cent,  of 
metallic  zinc.  It  cannot  be  melt<ed  down  owing  to  the  finely  dlTided 
zinc  oxide  mixed  with  it.  It  nsnally  contains  some  cadmium,  and  is 
obtained  as  a  by-product  in  the  manufacture  of  zinc  by  the  Belgian 
process. 

In  the  papers  quoted  above  the  following  estimates  for  the  cost  of  an 
electrolytic  galvanising  plant  are  given  :— 

ESIIUATB    FOB    ZlKCINa   20    ToNS    OV    PLATE  IN  A  WOBKINO  WSEK  OF 
52  HOUBS,   THE   AVEBAOE   THICKNESS    OF   THE   IbON  BEING   ^   OF  AN 

Inch,  and  the  Zino  Coating  being  i  Ounce  peb  Squabe  Foot 
of  subface. 

Labour,  piecework,  at  is.  per  cwt.         • 
Incidental  expenses,  at  15  per  cent,  on  labour 
Yard  labour,  10  per  cent,  on  labour 
Zinc,  448  lb.  at  Jb'17  per  ton  (1898)  . 
Boyalty,  at  2S.  6d.  per  ton 
Electrical  energy,  at  id.  per  E.H.P. 
Pickling,  at  5s.  per  ton     . 
Bent  of  building,  at  £2  per  week    , 
Interest  on  capital    .... 
Depreciation  of  plant       ,        ,        1 


£     8. 

d. 

20     0 

0 

3    0 

0 

3     0 

0 

3    8 

0 

2    10 

0 

2    18 

0 

5    0 

0 

2      0 

0 

2   17 

8 

3  17 

0 

£47  10    8 


Cost  per  ton  »  £2  78.  6id« 


It  may  be  remarked  concerning  this  estimate  that  only  3*4  shillings  per 
ton  of  iron  treated  represents  the  total  cost  of  the  zinc,  and  therefore  if 
granulated  or  rolled  zinc  plates  were  employed  in  contact  with  copper 
or  lead,  as  suggested  above,  instead  of  zinc  dust,  the  cost  would  only 
be  increased  by  the  extra  cost  at  most,  as  claimed  by  Mr.  Gowper 
Coles,  of  £7  per  ton  on  the  cost  of  the  metallic  zinc,  or,  that  is,  at  the 
ratio  of  about  17  to  24 ;  that  is,  the  cost  of  galvaoising  per  ton  of  iron 
plate,  for  the  zinc  alone,  would  be  increased  from  3*4  shillings,  as 
above,  to  4*8  shillings  per  ton ;  that  is,  the  total  cost  would  be  in- 
creased by  I  '4  shillings  per  ton,  for  the  cost  of  electro-zincing  per  ton 
using  zinc  dust  is  £2  ya.  6|d.,  but  using  cast  zinc  it  costs  less  than 
£2  8s.  1 1  id.  per  ton ;  but  allowing  the  cost  of  royalty  at  2s.  6d.  per  ton 
would  bring  down  the  cost  of  electro-zincing  this  class  of  iron  from 
£2  7s.  6d.,  by  zinc  dust  process,  per  ton»  to  £2  68.  5d.  per  ton  when  not 
using  zinc  dust. 
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Estimate  fob  a  Galvanibino  Plant  capaelb  of  Zincing  7,200  Squabv 
Feet  of  Surface  peb  Weex  of  54  WoBKiNa  Houbs  with  a  thick- 
ness OF  Zinc  equal  to  i  Ounce  peb  Squabe  Foot. 

X  dynamo  to  give  3,000  amp^es  at  6  volts,  speed 

800  revs,  per  minute 200 

z  switchboard  with  measuring  and  regulating 

instruments 

I  galvanising  tank,  12  ft.  X  s  ft  X  3  ft. 

I  pickling  tank  „  „  »       .        » 

1  washing  tank  „  „  „       .        . 

2  circular  regenerating  tanks,  with  fittings        • 
I  air  compressor  for  circulating  electrolyte 
I  complete  set  of  anode  and  cathode  suspension 

bars  for  zincing  tank 130    o    c       o      17 

z  special  arrangement  for  zincing  tubes  inside 

and  outside  up  to  6  feet  in  length         •       .    150    o    o       o       8 

JB776  10    o 


Price. 
£     a. 

d. 

Approz. 
weight, 
tons  cwt. 

00    0 

0 

2        0 

59    0 

0 

0          i 

40    0 

0 

0       I9i 

74    0 

0 

I       10 

40    0 

0 

0      i9i 

62  10 

0 

I        0 

21    0 

0 

0        2 

An  engine  to  g^ve  about  30  Indicated  H.  P.  is  stated  to  be  required  to 
run  the  above  plant,  but  to  keep  the  dynamo  running  at  full  load,  if  it 
has  a  95  per  cent,  efficiency  and  is  belt  driven  with  a  5  per  cent,  trans- 
mission, an  engine  of  2674,  say  27  £rake  H.  P.,  would  be  required, 
and  allowing  3  B.  H.  P.  for  the  air  compressor,  etc,  an  engine  of 
30  Brake  H.  P.  would  appear  to  bo  necessary.  The  solution  is  stated  to 
cost  i|d.  per  gallon,  containing  35  ounces  of  crystallised  zinc  sulphate 
per  gfillon.  That  is,  a  cost  of  lo^d.  per  cubic  foot  containing  6J 
gallons. 

Esthcatb  fob  a  Galvanising  Plant  capable  of  Zinginq  4,800  Squabe 
Feet  of  Subface  peb  Week  of  54  Wobkino  Houbs  with  a  thick- 
ness OF  Zinc  equal  to  i  Ounce  peb  Squabe  Foot  of  Subface. 

z  dynamo  to  give  2,000  amperes  at  6  volts 

z    switchboard,    with    measuring   and   regulating 

instruments 

z  galvanising  tank,  9  ft.  x  5  ft.  x  3  f t.     .        , 

z  pickling  tank         „  »  »         •        * 

z  washing  tank,  9  ft.  x  5  ft.  X  4  ft.  .        . 

2  circular  regenerating  tanks,  with  fittings 

I  air  compressor  for  circulating  electrolyte 

X  complete  set  of  anode  and  cathode  bars  for  zinc 

ingtank       •       , 


Ji    s. 

d. 

150 

0 

0 

50 

0 

0 

30 

0 

0 

60 

0 

0 

30 

0 

0 

50 

0 

0 

21 

0 

0 

130    o    o 
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Estimate  for  a  Galvanising  Plant  capable  of  Zzncdto  2,400  Squabz 
Feet  of  Surface  per  Week  of  54  Working  Hours  with  a  thick- 
ness OF  Zinc  equal  to  i  Ounce  per  Square  Foot  of  Surface. 


I  dynamo  to  give  1,000  ampbres  at  6  volts 
f  switchboard,  with  measuring  and  regulating  in- 
struments       

I  galvanising  tank,  6  ft.  x  5  ft.  x  3  ft.     . 

I  pickling  tank,  6  ft.  x  5  ft.  x  3  ft.  .        .        • 

1  washing  tank,  6  ft.  X  s  ft.  x  4  f t.  .        .        . 

2  circular  regeneratinc;  tanks,  with  fittings 
I  air  compressor  for  circulating  electrolyte 
I  complete  set  of  anode  and  cathode  bars  for  zincing 

tank       •        •        •       •        •        •        •        •        .110    00 


£ 

s. 

d. 

no 

0 

0 

45 

0 

0 

25 

0 

0 

45 

0 

0 

25 

0 

0 

40 

0 

0 

21 

0 

0 

i-421      O     O 


Figs.  157  and  158  show  the  general  an*angement  of  an  electrolytic 
zincing  plant  as  given  by  Mr.  Cowper  Coles. 

In  another  paper  Mr.  Ck>le8  states  that  the  cost  of  a  g^vamsiDg  plant 
having  a  capacity  of  6,700  gallons  (30  ft.  X  6  ft.  X  7  ft.)  is  about  £600, 
which  he  says  is  but  little  more  than  that  of  an  old-fashioned  molten  zinc 
galvanising  plant  having  a  bath  capacity  of  only  10  ft.  X  4  ft.  X  4  ft. 
6  in.  outside  dimensions.  Such  a  hot  galvanising  tank  would  hold  28 
tons  of  zinc,  which  at  £15  per  ton  amounts  to  £420.  To  keep  this 
large  quantity  of  zinc  melted  entails  a  heavy  expenditure  in  fuel,  the 
thickness  of  HtkQ  iron  of  the  bath  averaging  more  than  one  inch, 
whilst  the  iron  baths  are  a  constant  source  of  annoyance  and  expense, 
for  the  iron  is  dissolved  by  the  zinc,  ultimately  destroying  the  tank, 
and  besides  this  the  zinc  is  gradually  rendered  useless  by  absorbing 
iron,  not  only  from  the  task  itself,  but  also  from  the  iron  plates 
immersed  in  it. 

The  great  advantages  of  using  the  electric  process  are  that  a  better 
adhering  coating  is  obtained,  in  which  a  given  weight  of  zinc  has  a 
greater  protective  action.     (See  p.635.) 

The  thickness  of  the  zinc  coating  can  bo  made  of  any  desired  value. 

The  iron  is  not  weakened  if  thin  plates  are  zinced,  either  by  the  zinc 
eating  into  the  iron,  or  by  the  high  temperature  drawing  the  temper  of 
steel,  both  of  which  troubles  occur  in  the  old  process. 

The  electrolytic  plant  permits  of  plates  of  very  large  dimensionB 
being  very  cheaply  treated,  and  also  permits  small  articles,  or  articles 
of  intricate  form,  being  rapidly  and  cheaply  zinced. 

There  is  no  waste  of  materiala  or  expense  incurred  in  renewal  of  the 
bath.    AH  the  zinc  is  consumed,  no  dross  being  formed. 
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The  zinc  coating  obtained  by  the  electrolytic  process  takes  paint 
better  than  ordinary  galyanised  iron. 

The  surface  of  the  electrolytically  zinced  iron  can  be  cut  and  worked 
far  more  readily  than  ordinary  galvanised  iron,  which  is  very  hard  and 
brittle. 

Large  structures,  such  as  girders,  propeller  shafts,  pillars,  etc.,  can 
be  easily  zinced,  either  completely  or  partially. 

The  cost  of  the  electrolytic  is  less  than  that  of  the  old  hot  galvanising 
process. 

The  work  does  not  require  to  be  dried  after  cleaning  and  pickling, 
but  can  be  passed  at  once  into  the  electrolytic  vat. 

The  electro-galvanising  of  iron  shows  up  very  clearly  any  faults  or 
defects  in  the  iron,  and  I  have  been  informed  by  Mr.  W.  Weston, 
Chief  Chemist  to  the  Admiralty,  that  the  zincing  of  iron  work  in  boiler 
tubes  is  carried  out  by  this  method  with  a  very  thin  coating,  not  with  the 
idea  of  protecting  the  iron  from  corrosion,  for  which  such  a  coating  in 
these  situations  has  little  or  no  value,  but  rather  that  any  latent  defects 
in  the  tubes  may  be  brought  out  and  rendered  readily  apparent. 

Electro-galvanising  has  bscn  largely  employed  in  this  country  and 
abroad  during  the  past  ten  or  fifteen  years  for  coating  boiler  tubes, 
sugar  machinery,  wire,  stiUworms,  the  frames  and  plates  of  torpedo 
boate,  wire  gauze,  and  other  articles  of  iron  too  numerous  to  mention. 

Plokli&s  and  OtoanalAS  Xron.— In  order  that  a  satisfactory  and 
adhesive  coating  of  zinc  should  be  obtained  by  electro-deposition,  it  is 
of  the  highest  importance  that  the  iron  shall  be  most  carefully  cleaned, 
not  only  from  grease  but  also  from  all  scale  and  oxide  of  iron.  A 
general  description  of  the  process  adopted  by  Watt  is  given  on  p.  354  of 
this  work,  and  the  method  used  by  Richter  on  p.  635 .  Cowper  Coles 
employs  similar  methods.  The  Admiralty  specify  that  all  steel  steam 
pipes,  boiler  and  collector  tubes,  and  all  plates  for  boilers  are  to  be 
pickled  in  a  liquid  consisting  of  19  parts  of  water  and  i  of  hydro- 
chloric acid  until  the  black  oxide  or  scale  formed  during  the  manufac- 
ture is  completely  removed.  Plates  have  to  be  placed  in  the  pickling 
vat  on  edge,  and  not  laid  flat.  When  taken  out  of  this  dilute  acid  all 
the  surfaces  are  to  be  well  brushed  and  washed  to  clean  off  the  loose 
BoaJe.  They  are  then  to  be  placed  in  a  bath,  filled  and  kept  well  supplied 
with  fresh  water,  or  must  be  thoroughly  washed  with  a  hose  as  may  be 
found  necessary,  and  then  placed  on  end  to  dry ;  but  for  obtaining  a 
good  adhesion  of  electrolytically  deposited  zinc,  sulphuric  acid  gives 
better  results  than  hydrochloric  acid.  The  objection  to  using  only 
sulphuric  acid,  however,  is  that  the  iron  does  not  stand  so  good  a 
mechanical  test  after  pickling  in  this  acid  as  is  the  case  if  hydrochloric 
acid  is  employed.  On  account,  therefore,  of  these  two  conflicting 
requirements  Mr.  Weston  has  advised  that  after  pickling  and  cleanmg 
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by  the  Admiralty  hydrochloric  acid  method,  the  plates  should  then  be 
dipped  in  weak  sulphuric  acid  for  about  a  quarter  of  an  hour,  or  for 
a  few  minutes  in  a  strongor  acid  immediately  before  they  are  transferred 
to  the  eleotro-zincing  vats.  Probably  the  electrolytic  cleaning  in 
baths  of  neutral  salts,  described  on  p.  646,  may  overcome  both  the 
drawbacks  found  with  hydrochloric  acid  on  the  one  and  sulphuric  acid 
on  the  other  hand.  In  all  probability  the  unsatisfactory  mechanical 
condition  of  the  iron  after  pickling  in  sulphuric  add  is  due  to  occluded 
hydrogen,  which  is  well  known  to  make  iron  reiy  brittle,  but  precisely 
why  it  is  absent  when  hydrochloric  acid  is  used  it  would  be  difficult 
at  present  to  say.  Cowper  Coles  states,  in  one  of  the  papers  already 
quoted,  that  sand  blasting  is  often  used  instead  of  pickling,  and 
for  many  purposes  it  is  found  to  give  better  results,  especially  for 
oast  iron  work,  from  which  it  is  very  difficult  to  remove  the  last 
traces  of  acid.  The  cost  of  sand  blasting  per  square  foot,  under  the 
most  favourable  conditions,  including  the  cost  of  labour,  Band,  and 
power,  is  one-tenth  of  a  psnny,  but  the  actual  cost  varies  considerably 
with  the  nature  of  the  work.  When  using  quartz  sand  of  the  best 
quality,  the  loas  is  about  10  per  cent,  (presumably  of  the  sand  employed) 
each  time  it  is  passed  through  the  machine:  the  loss  when  using 
chilled  iron  sand  is  very  small,  the  waste  of  the  material  replacing 
more  than  nine- tenths  of  the  apparent  loss. 

The  process  which  Mr.  Cowper  Coles  employs  in  pickling  iron  is 
described  in  Efujineeringy  December  30,  1898,  as  follows : — The 
usual  practice  is  to  place  the  iron  in  a  solution  containing  one  part  of 
hydrochloric  or  sulphuric  acid  to  ten  parts  of  water  for  a  period  vary- 
ing from  half  an  hour  to  24  hours.  The  amount  of  acid  consumed  in 
the  pickling  of  close  annealed  sheets,  such  as  are  used  for  roofing  pur- 
poses, varies  from  3  cwt.  to  7  cwt.  of  muriatic  acid  per  ton  of  sheets, 
but  if  sulphuric  acid  is  employed  a  considerably  smaller  weight  of  add 
is  required.  Muriatic  add  is  pref eired  by  many  numufactnrers  because 
it  is  cheaper  bulk  for  bulk,  and  also  because  sulphuric  add  is  said  to 
act  too  quickly  on  the  <'sldn''  of  the  metal  and  so  tends  to  eat  it  away. 
In  Worcestershire  alone  there  are  about  1,053  carboys  (hundred- 
weights) of  acid,  corresx>onding  to  some  3,000  cwt.  or  27,000  g^Uons  of 
waste  pickle,  on  an  average  every  week,  which  have  to  be  got  rid  of. 
One  of  the  first  exi)eriments  made  by  Mr.  Cowper  Coles  was  to  make 
the  iron  to  be  pickled  the  anode  in  an  acid  bath,  but  this  was  found  to 
pit  the  plates,  for  that  portion  of  the  iron  which  was  not  protected  by 
the  mill  scale  was  more  readily  dissolved  than  that  which  was  so 
covered.  To  overcome  this  difficulty  the  current  was  periorlically 
reversed,  the  iron  being  alternately  made  anode  and  cathode.  To 
quicken  the  process  and  reduce  the  electrical  resistance  of  the  solution  it 
is  advantageous  to  heat  the  pickling  solution  or  electrolyte,  which  is 
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done  by  passing  exhaust  steam  through  lead  pipes  in  the  pickling  vat. 
A  tray  or  false  bottom  is  placed  in  the  rat,  which  is  capable  of  being 
raised  out  of  the  vat  bodily  by  flotation ;  it  is  normally  anchored  at 
the  bottom,  and  it  is  allowed  to  float  to  the  top  at  the  end  of  each 
day  and  the  heavy  mill  scale  which  has  become  detached  from  the 
plates  and  fallen  to  the  bottom  is  thus  removed  from  the  acid  and 
a  corresponding  economy  in  acid  is  obtained.  Another  device  em- 
ployed to  remove  the  null  scale  depodts  from  the  vat  is  to  circulate 
the  solution,  by  means  of  a  small  pump,  through  a  lead-lined  box  or 
chamber,  behind  which  are  placed  electro  magnets,  the  result  being  that 
as  the  solution  flows  past  the  magnet  poles  the  iron  scale  in  suspension 
is  attracted  and  retained  and  can  be  moved  from  time  to  time.  The 
author  further  adds  that  in  America  an  electrical  pickling  process 
has  been  tried,  sulphate  of  soda  (Bisulphate  waste  from  nitric  add 
retorts  ? — ^A.  P.)  or  sulphuric  acid  solutions  being  employed,  and  the 
iron  plate  is  made  the  cathode  or  negfative  electrode.  The  hydrogen 
set  free  is  said  to  reduce  the  oxide  on  the  surface  to  metallic  iron  and 
decompose  any  grease  present.  Kr.  Gowper  Coles  claims  that  the 
method  which  he  employs  to  remove  the  loose  scale  from  the  pickling 
tanks  effects  a  very  considerable  saving  of  acid,  as  the  scale  after 
removal  from  the  work  under  treatment  is  not  allowed  to  remain  in  the 
bath  to  be  further  acted  upon  by  the  pickle.  He  states  that  it  has 
been  found  by  experiment  that  as  much  as  30  per  cent,  of  the  scale 
usually  allowed  to  fall  to  the  bottom  of  the  pickling  tank  is  dissolved 
in  a  week  of  168  hours  in  a  I  per  cent,  solution  of  sulphuric  acid.  It 
is  also  claimed  that  less  time  is  required  to  pickle  the  work,  as  the 
solution  is  kept  undiluted  (presumably  this  means  unneutralised),  and 
does  not  deteriorate  so  rapidly.  The  apparatus  can  be  attached  to  any 
ordinary  pickling  vat,  and  does  not  require  skilled  labour. 

In  a  paper  read  by  Mr.  Cowx)er  Coles  before  the  British  Association 
(Section  G,  1899),  it  is  stated  that  the  scale  is  in  many  cases  ift  u^ch 
in  thiclmflflB  and  very  adherent,  and  that  although  by  the  ordinary 
pickling  process  only  30  minutes  is  required  for  dose  annettled  sheets, 
yet  as  long  as  24  hours  is  required  for  plates  and  forgings  sudi  as  are 
employed  for  ship  and  bridge  building.  Another  form  of  electro- 
magnetic scale  collector  is  described  in  this  paper,  which  consists  of  an 
dectro-magnet  encased  in  copper,  Fig.  159.  This  is  placed  in  any 
convenient  position  in  the  tank,  and  the  current  required  to  work  it  is 
about  10  amperes  with  an  e.  m.  f .  of  6  volts.  In  the  case  of  large 
tanks  two  or  more  scale  collectors  can  be  employed  or  only  one  may 
be  used,  this  being  moved  about  to  different  paris  of  the  bath  at 
suitable  intervals.  JBVom  time  to  time  it  is  taken  out  and  the  adhering 
scale  removed.  Fig.  160  shows  a  scale  collector  in  podtion  in  a  lead- 
lined  wooden  pickling  vat. 
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In  1S92,  finding  some  difSculty  Id  obtatiiiiig' a  ^ood  adherenoe  of  fairiy 
thick  coatingH  of  zinc  upon  high  carbon  steel  wire  (plough  ntcel).  the 
present  writer  adopted,  among  other  deTices,  the  expedient  of  cleaning 


Fig.  tjg.— Cowp«r  CL>le)'  Msgnetic  Scale  Colleolor,  Bhowing  scale 
adhering  In  ihe  copper  jackBl  of  the  eleetro-migoel. 

BB  it  ran  through  the  deponting  vat,  h;  caiuing  the  carrent  to  run 
im  the  wire  as  an  anode  in  a  preliminarj  vat  of  zinc  gnlphate  aoln- 
iD  inunediately  before  it  ran  into  the  zinc  nilphate  solution,  in  which 
acted  aa  a  cathode  TeceiTiug  the  zinc  deposit.     Preriouii  to  Ihia 
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electFoljtio  detaang  the  wire  had  passed  thn)U)rh  a  hot  cauatie  vat  to 
remove  grease,  and  tlhco  through  an  acid  pickle,  and  finally  it  had 
been  washed  in  water.  The  adheskm  obtained  by  thin  device  was  good. 
ReoenUy  (Bkctrieian,  vol.  44,  1900,  p.  434),  Mr.  Cowper  Coles  has 
employed  a  modificatioD  of  this  method  for  cteaniog  iron  in  the  elaotro. 


nm  innoii        iim  S'-nt  figr 


Fi{[.  160.— Magnetic  Scale  Colleclor  in  tank. 

lyu'c  vat  immedialely  before  the  zinn  in  deposited  npcm  it.  "Hie 
operation  in  described  ae  follows: — "Before  galvanising  (but  after 
cleaning  in  the  amal  manner)  the  plates  were  plaoed  in  the  zincing 
bath,  and  the  cmrent  cansed  to  flow  in  the  opposite  direotion  to  that 
required  to  deposit  zinc  npon  theni  for  a  period  of  aj  minntes.  The 
current  was  then  reversed  and  t^  zinc  deposited  on  the  plates  until  a 
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calculated  weight  of  ij  oz.  was  obtained.  They  were  ihen  xemovedy 
washed,  and  dried,  and  were  subjected  to  the  same  bending  tests  as  a 
similar  set  of  plates  coated  without  the  preliminary  reyersal  of  cuirent. 
The  adhesion  of  the  zinc  to  the  plates,  in  which  the  preliminaiy 
reyersal  of  current  had  taken  place,  was  found  considerably  better  than 
was  the  case  with  the  plates  treated  in  the  more  ordinary  way.  It  was 
also  found  that  plates  which  had  been  **  flashed  "  with  zinc  from  a 
zinc  sulphate  solution  containing  ^  ounce  of  free  sulphuric  add  per 
gallon,  and  then  coated  in  a  neutral  zmo  sulphate  solution,  gare  much 
better  adhesion  than  was  the  case  with  plates  completely  coated  in  a 
neutral  solution.  Mr.  Gowper  Coles  considers  the  good  adhesion  in 
both  these  cases  to  be  due  to  the  acid  on  the  surface  of  the  plates 
preTenting  the  formation  of  thin  and  invisible  films  of  oxide,  which 
may  occur  after  the  iron  is  deaned  with  acid  and  whilst  it  is  being 
washed  with  water.  Deposits  of  zinc  obtained  from  perfectly  neutral 
zinc  sulphate  solutions  are  smoother  and  more  even  than  those  obtained 
from  solutions  containing  ^  ounce  of  free  sulphuric  acid  per  gallon, 
but  they  were  non-adhesive,  whilst  those  deposited  from  the  slightly 
acid  solution  were  perfectly  adhesive,  but  were  less  uniform  and  smooth 
on  the  surface. 

Tlie  following  remarks  upon  the  electrolytic  deansing  of  metallic 
surfaces  are  of  interest.  They  form  the  substance  of  a  paper  by  F.  Loppe 
pubUshed  in  V  Bleetricien,  vol.  20,  2nd  scries,  1900,  p.  106,  and  trans- 
lated into  the  EUetrictU  Engineer ^  vol.  28,  1901,  p.  329,  by  the  present 
writer. 

*<  In  ordinary  practice  metallic  surfaces  are  cleansed  by  immersioii  in 
eithdr  alkaline  or  acid  solutions.  Add  solutions  are  employed  for 
cleansing  the  surface  of  iron,  copper,  and  alloys  of  copper,  whilst 
alkaline  solutions  are  used  to  dean  aluminium  or  zinc.  These  methods 
of  cleaning  metallic  surfaces  by  simple  immersion  are  lengthy  and 
costly ;  the  solutions  used  gradually  become  saturated  with  metal  and 
lose  their  cleansing  power ;  and  if ,  as  in  the  case  of  copper,  the  metal 
dissolved  in  the  cleaning  process  is  valuable,  it  is  necessary  to 
recover  it  from  solution,  a  recovery  which  is  not  always  easily  carried 
out.  Moreover,  the  liquids  employed  are  corrosive,  and  therefore,  if 
their  action  is  not  carefully  checked,  the  metal  surfaces  may  be 
damaged,  or  the  workpeople  may  be  affected  by  their  corrosive  or 
poisonous  nature,  whilst,  finally,  there  is  often  considerable  difficulty 
in  getting  rid  of  the  waste  pickling  solutions  owing  to  local  regula- 
tions concerning  drain  and  water  contimiination.  Attempts  have  been 
made  to  overcome  some  one  or  more  of  the  above  mentioned  difficulties 
by  employing  dectrolytic  methods  of  deaning,  such  as  that  used  by 
Cowper  Coles.  These  methods  have  been  applied  to  the  cleaning  of 
iron  surfaces,  such  as  boiler  tubes,  etc.,  but  the  employment  of  an  add 
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flolution  has  always  been  advocated.  Recently,  however,  the 
Vereinig^  Eleetrizitiits  Aktiengesellachaft,  of  Vienna  and  Budapest, 
have  patented  a  process  (French  patent  292,333  of  1899)  for  the  electro- 
lytic cleansinjy  of  metallic  snrfaceB,  which  has  yielded  remarkably 
satisfactory  results,  both  from  the  point  of  view  of  rapidity  and  of 
economy.  This  now  process  may  be  applied  to  any  kind  of  metallic 
surface,  and  the  cleansing  solutions  employed  do  not  become  deterior- 
ated in  their  proi^erties  by  use.  Any  metal  removed  from  the  surfaces 
which  are  under  treatment  may  be  readily  recovered  if  the  value  of  the 
metal  renders  such  recovery  desirable,  and,  further,  the  solution  bdng 
neutral  and  practically  harmless,  it  may,  when  necessary,  be  run  off 
into  the  drains,  etc.,  without  creating  a  nuisance.  The  electrolyte 
used  consists  of  an  aqueous  solution  of  an  alkaline  salt,  and  one  of  the 
electrodes  is  formed  of  the  metal  whose  surface  it  is  desired  to  clean, 
whilst  the  other  is  formed  of  carbon,  or  of  some  metal  which  is  not 
acted  upon  by  the  solution  (or,  as  will  be  pointed  out  later,  both 
electrodes  may  consist  of  the  metal  whose  surface  is  under  treatment). 

In  the  case  of  iron  or  copper,  or  alloys  of  copper,  the  metal  surface 
lA  made  the  anode,  and  the  metallio  oxide  which  is  dissolved  from  the 
anodes  is  reprecipitated  from  the  solution  by  the  alkali  which  is 
generated  at  the  cathode.  The  electrolyte  is  thus  continuously  regen- 
erated. When  it  is  wished  to  clean  zinc  and  aluminium  surfaces,  Uiese 
metals  are  employed  as  the  cathodes,  and  alkaline  aluminates  and 
zincates  are  formed,  from  which,  however,  the  zinc  and  aluminium 
oxides  are  subsequentiy  precipitated  by  the  acid  liberated  at  the  anode. 

This  form  of  electrolytic  cleansing  process  may,  moreover,  be  used 
for  the  cleaning  of  metallio  surfaces  from  greasy  and  fatty  matters, 
and  for  this  purpose  the  metal  must  always  be  used  as  the  cathode,  the 
alkaline  hydrate  liberated  at  tliis  electrode  saponifying  and  dissolving 
the  grease  on  the  metallic  surface.  If  it  is  wished  to  use  the  process 
for  the  preparation  of  iron  plates,  etc.,  which  are  to  be  subsequently 
tinned  or  electro-galvanised,  it  is  carried  out  as  follows : — The  electro- 
lyte employed  consiists  of  an  aqueous  solution  containing  30  per  cent, 
of  sodium  sulphate,  such  as  is  produced  as  a  waste  product  in  some 
factories,  and  both  of  the  electrodes  are  formed  of  the  iron  whose  surface 
is  to  be  cleaned.  The  current  is  first  of  all  passed  in  one  direction 
during  a  certain  period,  and  the  plates  acting  as  anodes  are  cleaned  of 
metallic  oxide  by  the  acid  set  free  at  their  surface,  whilst  the  plates 
acting  as  cathodes  are  cleansed  from  grease  by  the  alkali.  The  anode 
platoii  are  then  removed  and  replaced  by  fresh  uncleaned  plates,  and 
the  current  is  then  reversed  so  that  the  plates  which  were  previously 
cleansed  from  g^rease  as  cathodes  in  the  first  operation  are  now  cleansed 
from  oxide  as  anodes,  and  the  frenhly  introduced  plates  now  acting  as 
cathodes  are  in  their  turn  freed  from  grease.     When  this  operation  is 
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completed  the  current  is  again  Btoppod,  and  the  anode  plates  ai« 
replaced  by  fresh  plates,  and  the  current  is  once  more  started  in  the 
reverse  direction.  The  process  is  then  continned  in  this  way,  the 
plates  being  succcstdvely  cathodes  and  cleansed  from  grease  and  then 
anodes  and  cleansed  from  oxide,  and  are  finally  removed  from  the 
cleaning  vats.  The  duration  of  t^e  process  naturally  depends  upon 
the  current  density  employed.  With  a  current  of  60  to  120  amperes 
per  square  metre — 1.«.,  rather  under  6  to  12  amperes  per  square  foot — 
of  the  metallic  surface,  each  operation  lasts  about  half  an  hour,  and 
as  each  surface  undergoes  a  double  treatment,  first  as  cathode  and  then 
a'4  anode,  the  complete  treatment  requires  from  60  to  1 20  ampere-hours 
per  square  metre  of  surface.  The  mean  voltage  required  is  about  four 
volts,  and  the  energy  required  per  square  metre  of  surface  cleaned  is 
therefore  from  240  to  480  watt-hours,  which  is  a  very  small  expenditure. 
When  the  articles  cleaned  are  iron  plates  they  are  slipped  into  frames 
made  of  lead-covered  iron  wire,  which  are  not  attacked  by  the  solution. 

The  space  inside  the  frames  is  about  2  cm.  wide,  and  the  sheets  are 
slipped  in  either  through  an  opening  at  the  top  or  at  the  side,  and  are 
so  adjtLsted  thut  they  come  into  contact  with  the  frames  at  sevcial 
points,  thus  obtaining  a  good  electric  contact.  The  frames  are 
arranged  parallel  to  each  other,  but  are  insulated  from  one  another  by 
wood  separators.  At  one  side  of  the  vat  the  alternate  frames  are 
connected  together  to  one  conductor,  whilst  the  intermediate  ones 
forming  the  second  electrode  are  connected  together  to  the  other 
conductor.  The  electrolytic  vats  are  usually  made  of  concrete,  and 
the  whole  of  the  frames  can  be  lifted  from  the  vats  together  in  order 
to  remove  and  replace  the  plates.  When  the  current  is  passed  there  is 
a  considerable  evolution  of  gas,  and  the  solution  becomes  turbid.  The 
solution  also  becomes  heated,  and  a  flocculent  precipitate  of  the  reddish- 
brown  ferric  hydrate  is  formed,  which  partly  falls  to  the  bottom  of 
the  vats  and  partly  floats  at  the  surface.  The  electrolyte  is  circulated 
by  a  pump,-  which  forces  it  through  a  filter,  from  whence  it  returns 
to  the  vat.  Each  vat  requires  a  voltage  of  about  four  volts,  but  if  a 
higher  voltage  is  available  several  vats  may  be  arranged  in  series  with 
advantage.  The  process  has  been  employed  at  the  large  plate  factory 
at  TepUtz,  in  Bohemia,  and  a  still  larger  installation  is  now  being 
erected." 

Bffeot  of  Frassnre  upon  Bleetro  -  dspositton  of  Zlae. — 
Mr.  Cowper  Coles  has  studied  the  effect  of  depositmg  zinc  electro- 
lytically  upon  iron  in  enclosures  in  which  a  hydrostatic  pressure  is 
maintained  {Electrieiartf  vol.  44,  1899,  p.  183).  The  pressure 
employed  is  not  stated.  The  solution  contained  35  ounces  of  zinc 
sulphate  and  ^th  ounce  of  sulphuric  acid  per  gallon,  and  a  small 
quantity  of  zinc  dust  was  added.     The  anode  was  of  zinc  and  the 
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Rolution  wOvS  not  circulated.  Current  densities  up  to  loo  amperes  per 
square  foot  were  employed,  and  at  50  ampdres  per  square  foot 
excellently  adhesive  and  beautifully  smooth,  close  grained  deposits 
were  obtfuned.  The  author  states  that  in  a  great  nmnber  of  ca.«es  the 
plates  had  round  spots  upon  them  which  appeared  to  be  uncoated,  and 
were  probably  due  to  gas  bubbles  clinging  to  the  surface.  There  does 
not  appear  to  be  any  advantage  obtainable  by  electro-deposition  under 
pressure  at  the  present  date. 

Zine  8poB8«  B^posiU.— With  many  solutions  of  zinc  salts,  both 
acid  and  alkaline,  and  especially  if  the  solution  is  dilute  and  the 
currQ[it  density  small,  powdery,  spongy  depc^its  of  zinc,  which  appear 
often  almost  black  in  colour  whilst  wet,  are  obtained  on  the  cathode. 
It  is  a  peculiarity  of  this  zinc  sponge  that  solutions  which  will  perhaps 
for  half-an-hour  yield  quite  satisfactory  regpilar  electrolytic  deposits 
of  zinc  will,  when  a  certain  thickness  of  deposit  has  been  reached, 
commence  to  deposit  the  spongy  and  powdery  metal,  and  this  occurs 
not  only  in  neutral  or  acid  solutions  but  also  in  alkaline  solutions. 
Two  theories  have  been  advanced  as  to  the  cause  of  this  unsatisfactory 
deposit,  namely,  one  that  it  is  due  to  the  formation  of  a  hydride  of 
zinc  and  is  due  to  the  liberation  of  free  hydrogen  with  the  zinc  at  the 
cathode,  and  the  other,  and  to  my  mind  the  more  probable,  states  it  to 
be  due  to  the  formation  of  zinc  hydrate.  The  formation  of  spongy 
zinc  may,  however,  apparently  be  avoided  in  practice  by  employing 
strong  solutions  of  zinc  sulphate  with  only  small  amounts  of  acid 
present  and  using  high  current  densities  (about  15  and  better  from  20 
to  30  amperes  per  square  foot  of  surface  to  be  coated),  and  lastly  by 
employing  a  rapid  circulation  of  the  electrolyte.  The  formation  of  the 
zinc  sponge  from  solutions  which  to  commence  with  yield  good  reguline 
deposits  is  probably  due  to  the  impoverishment  in  zinc  salt  of  the  layer 
of  electrolyte  in  contact  with  the  cathode.  Zinc  sponge  is  only  partially 
soluble  in  pure  mercury  and  the  insoluble  portion  consists  of  zinc 
hydrate. 

BonrcM  of  Zlne  Dust  Supply. — The  United  States  Consul  at 
Li5ge,  Belgium,  stated  (1898)  that  the  export  of  zinc  dust  collected 
at  the  several  zinc  works  in  Li^ge  had  largely  increased.  During  the 
year  1896  the  declared  value  of  zinc  dust  exported  for  the  American 
market  was  35)826  doUars.  In  1897  it  amounted  to  105,000  dollars. 
For  the  first  quarter  of  1897  the  exports  of  this  material  had  a  value 
of  14,621  dollars,  whilst  for  the  same  quarter  in  1898  the  invoiced 
value  was  28,456  dollars.  Zinc  dust  is  said  to  be  employed  in  America 
for  the  manufacture  of  paints. 

Price  of  Sine  and  Zinc  Bntt. — Cowper  Coles  states  that  zinc 
dust  containing  75*5  per  cent,  of  metallic  zinc,  and  usually  a  trace  of 
cadmium,  costs  less  than  virgin  spelter.     It  is  not  stated  whether  thif: 
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applies  tu  the  nnit  of  metallio  zinc,  or  simply  to  the  ton  of  the  two 
materials. 

Messrs.  Paul  Spoier,  of  Brc&lau,  state  that  sheet  zinc  in  Febmaiy, 
1900,  rose  from  47  marks  to  53  marks  per  100  kilos.  (£23  8*78.  to 
£26  8*5s.  per  ton),  whilst  crude  zinc  (spelter)  rose  in  the  same  month  to 
23  marks  per  100  kilos.  (£11  9'4s.  per  ton),  but  in  April  and  after- 
wards the  price  was  as  low  as  18*75  marks  per  100  kilos.  (£9  6*9s. 
per  ton) .  The  price  of  zinc  dust  from  May  to  July  of  the  same  year  was 
56  marks  per  100  kilos.  (£27  i8*5s.  per  ton).  These  figures  are  taken 
from  an  article  entitled  '*  The  Zinc  Market  in  19CX),"  published  in  2i(# 
Eleetro' Chemist  and  MeUUlurffitt  (January,  1901,  vol.  i,  p.  29),  but  do 
not  bear  out  Cowper-Goles'  statement  that  zinc  dust  cost  from  £;  to  £8 
per  ton  less  than  ordinary  rolled  zinc  anodes  {/oum.  Soe,  Chem,  Ind., 
vol.  15,  1896,  p.  416).  Ordinary  spelter  was  quoted  at  £16  12s.  6d.  on 
the  London  market,  Aug^t  8,  1901,  whilst  the  highest  price  of 
spelter  on  the  English  market  in  1900  was  £22  los.,  and  at  ^e  com- 
mencement of  1901  its  price  was  £18  158.  per  ton  o.  i.  f.  Hull  net. 
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TABLE  I.— ELEMENTS,  THEIR  SYHBOI^  AND  ATOMIC  WEIGHTS. 


NAxne. 

• 

1 

Atomic 

I^Ainfi. 

t 

Atomic 

A^  WAAA^^* 

g 
Al. 

Weight. 

A«  cBAaAv* 

B 
an 

Weight. 

Aluminium   . 

27*5 

Mercury 

Hg. 

200* 

Antimony 

Sb. 

122' 

Molybdenum 
Nickel  . 

Mo. 

96- 

Arsenic 

As. 

75* 

Ni. 

59' 

Barium 

Ba. 

137* 

Niobium 

Nb, 

97"5 

Bismuth 

Bi. 

2IO' 

Nitrogen 

N. 

14* 

Boron    . 

B. 

10-9 

Osmium 

(   8. 

199- 

Bromine 

Br. 

8o- 

Oxvgen 
Palladium 

0. 

i6- 

Cadmium 

Cd. 

112- 

Pd. 

io6'5 

Caesium 

Cs. 

133* 

Phosphorus  . 

P. 

31' 

Calcium 

Ca. 

40- 

Platinum 

Pt. 

197- 

Carbon 

C. 

12' 

Potassium 

K. 

391 

Cerium 

Ce, 

92. 

Rhodium 

Ro. 

1043 

Chlorine 

CI. 

355 

Rubidium 

Rb. 

85- 

Chromium 

Cr. 

52*5 

Ruthenium    . 

Ru. 

104-2 

Cobalt  . 

Co. 

59" 

Selenium 

Se. 

79*5 

Copper . 

'    Cu. 

635 

Silicon  . 

Si. 

/  7    «/ 

28- 

Didymium 
Erbium 

1    D. 

96- 

Silver    . 

Ag. 

io8' 

E. 

(?) 

Sodium. 

Na. 

23' 

Fluorine 

F. 

19- 

Strontium 

Sr. 

87-5 

Gallium 

Sulphur 

S. 

32* 

Glucinnm 

G. 

93 

Tantalum 

Ta. 

138- 

Gold     . 

Au. 

1966 

Thorium 

Te. 

129' 

Hydrogen 

H. 

r 

Tin       .       .        . 

Tl. 

204- 

Indium 

In. 

1134 

Thorinum 

Th. 

119- 

Iodine  . 

I. 

127' 

Tin 

Sn. 

ii8' 

Iridium 

Ir. 

197- 

Titanium 

Ti. 

50- 

Iron 

■   Fe. 

56- 

1  Tungsten 

W. 

184- 

Lanthanum  . 

La. 

92- 

Uranium 

U. 

120- 

Lead 

.   Pb. 

207* 

Vanadium 

V. 

137' 

Lithium 

L. 

r 

Yttrium 

Y. 

(?) 

Magnesium  . 

Mg. 

243 

Zinc 

Zn. 

65- 

Manganese    . 

Mn. 

55- 

Zirconium 

Zr. 

89-5 

65^ 
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TABLE  II.-RELATIVE  CONDUCTIVITY   OP  METALS. 

By  L.  Weuxmd. 


Names  of  Metals. 


I. 

2. 

3- 


4. 

5- 
6. 

7- 
8. 

9- 

lO. 

II. 

12. 

14. 
15. 

16. 

17- 
i& 

19. 

20. 

21. 
22. 

23. 
24. 
25. 

26. 
27. 

28. 

29. 
30. 
31. 

32. 
33. 


Silver,  pure 

Copper,  pure 

Copper,    pure    super     retiued    and 

crystallised  .... 
Sillcium  bronze  (telegraphic) 
Copper  and  silver  alloy  at  50  per  cent 

Gold,  pure 

Silicic  copper  (with  4  per  cent,  of 

silicon) 

Silicic  copper  (with  12  pei  cent,  of 

silicon) 
Aluminium,  pure      .... 
Tin,    containing    12    per    cent,  of 

sodium       .... 
Silicium  bronze  (telephonic) 
Plumbiferous   copper,    with   10  per 

cent,  of  lead 
Zinc,  pure         .        ,        .        , 
Phosphor  bronze  (telephonic)    . 
Silicious  brass,  with  25  per  cent,  of 

zinc 

Brass,  with  35  per  cent,  of  zinc 
Phosphide  of  tin 

Gold  and  silver  allov,  50  per  cent. 
Swedish  iron     .      * . 
Pure  tin  of  Banca 
Antimonous  copper  . 
Aluminium  bronze,  10  percent. 
Siemens'  steel    .        .        .        , 
Platinum,  pure ..... 
Amalgam  of  cadmium,  with  15  per 

cent,  of  cadmium 
Mercurial  bronze,  Drosnier 
Arsenical  copper,  with  10  per  cent  of 

arsenic  .... 
Lead,  pure  ,  .  !  .* 
Bronze,  with  20  per  cent,  of  tin 
Nickel,  pure  .... 
Phosphor  bronze,  with   10  per  cent 

of  tin 

Phosphide  of  copper,  with  9  per  cent 

of  phosphorus 
Antimony 


Conduc- 
tivity. 


ObserratioDs. 


loo" 

lOO' 

999 
98- 

86-65 

78- 

75* 

547 
54*2 

469 
35. 

30* 

299 

29' 

26-49 
21-15 
17-7 

1612 
i6- 

15-45 

I2'7 

126 

12" 

io'6 

12*2 
10-14 

91 

8-88 

8-4 
789 

6-5 

49 
388 


These  experiments  have 
been    conducted  with   a 
series  of    bars  especiallv 
prepared    for     the    pur- 
pone.  These  said  bars  h«v« 
been  molten  at  a  uniform 
diameter  of  about  13  mil- 
limetres.   They  have  been 
cut   so   as  to  show    the 
grain  of  the  metal,  and 
the      detached     portions 
have    then    been    drawn 
into  wires. 

It  is  on  the  wires  so 
obtained  that  the  said 
experiments  have  been 
carried  out,  and  of  which 
the  results  are  given  in 
the  table. 

As  regards  those  alloys 
which  can  neither  easily 
be  drawn  nor  rolled,  such 
as  certain  phosphides  or 
silicides.  tne  measure- 
ments have  been  taken 
direct  from  the  bars  ac- 
cording to  the  method  of 
Sir  W.  Thomson. 

The  measurements  have 
been  taken  by  means  of 
a  Wheatstone  bridge  with 
a  sliding  index,  a  diffe- 
rential galvanometer  and 
a  battery  of  four  cella. 
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TABLE  III.— SPECIFIC  RESISTANCE  OF  SOLUTIONS  OF  SULPHATE 

OF  COPPER. 

Bv  Flsemtno  Jrnkix. 


Sulphate 


Temperature. 


of  capper.    Fali^nheit. 


Water. 
8  parts.       100  parts. 
12    „      I     100 
x6    „      ,100 
20    „  100 

24    „      i     100 
28     „  100 


n 


f» 


57' 


457 
36*3 
3i"2 
28*5 
26*9 

247 


6i« 
437 

64« 

68' 

75** 

82« 

419 

40*2 

3r» 

342 

34*9 

33'5 

322 

29*9 

27*9 

30*0 

28*9 

279 

2&'I 

24  6 

27*5 

26*5 

25*6 

24*1 

22*7 

259 

24*8 

239 

22*2 

20*7 

234 

22*1 

21*0 

i8-8 

i6'9 

86° 


329 
27*0 
24*0 

22*2 
20*0 
160 


TABLE  IV.— SPECIFIC  RESISTANCE  OF  SOLUTIONS  OF  SULPHATE 

OF  COPPER  AT  50»  Fahb. 

By  Ewnro  and  MacGrsoor. 


Denaity. 

Spedflo 
resistance. 

1*644 
1-348 
9*87 

590 
4-73 
3-8i 

Density. 

Specific 
reaiatance. 

I '0167 

l'02l6 

10318 
1*0622 
1*0858 
1*1174 

I- 1386 

1-1432 
1*1679 
11823 

1*2051  (satu- 
rated). 

350 

341 

317 
306 

293 

1 

TABLE  v.— TABLE  OF  HIGH  TEMPERATURES. 


Degrees. 
F&ir. 

Description. 

Degrees. 
1700 

Description. 

977 

Incipient  red  heat. 

An  orange  red  heat. 

980 

A  red  heat. 

1873 

A  bright  red  heat 
A  dull  white  heat. 

1000 

A  dull  red  heat  visible  in 

1996 

daylight 

3000 

A  white  heat. 

1140 

Heat  of  a  common  fire. 

3300 

Heat  of  a  good  blast 

1200 

A  full  red  heat 

furnace. 

1310 

Dull  red  heat. 
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TABLE  VI.— COMPARATIVE  FRENCH  AND  ENGLISH 
THERMOMETER  SCALES. 


Frenoh,  or 

Engliflh,  or 

Centigrade. 

Fahrenheit 

Cent. 

Fahr. 

Cent. 

Fahr. 

Cent,  or  C. 

Fahr.  or  F. 

1 

Degrees. 

Degteee. 

1 
Degrees. 

Degrees. 

Degrees. 

Degrees. 

o 

32 

33 

91-4 

67 

152-6 

I 

33-8 

34 

932 

68 

X54"4 

2 

35-6 

35 

95 

69 

156-2 

3 

37*4 

36 

96-8 

70 

158 

4 

392 

37 

986 

71 

159-8 

5 

41 

38 

1004 

72 

161-6 

6 

428 

39 

I02'2 

73 

163*4 

7 

446 

40 

104 

74 

165-2 

8 

464 

41 

105-8 

75 

167 

9 

48-2 

42 

107-6 

76 

168-8 

lO 

50 

43 

109-4 

77 

1706 

II 

518 

44 

II1-2 

78 

1724 

12 

536 

45 

"3 

79 

174-2 

13 

554 

46 

ii4'8 

80 

176 

14 

572 

47 

II6-6 

81 

177-8 

15 

59 

48 

118-4 

82 

179.6 

i6 

6o-8 

49 

1 202 

83 

181-4 

17 

626 

50 

Z22 

84 

183-2 

18 

644 

51 

123-8 

85 

185 

19 

66-2 

52 

125-6 

86 

186-8 

20 

68 

53 

127-4 

87 

188-6 

21 

698 

54 

129-2 

88 

190-4 

22 

716 

55 

131 

89 

192*2 

23 

734 

56 

132-8 

90 

194 

24 

752 

57 

134-6 

91 

1958 

25 

77 

58 

136-4 

92 

197-6 

26 

78-8 

59 

138-2 

93 

1994 

27 

806 

60 

140 

94 

201-2 

28 

82-4 

61 

141-8 

:         95 

203 

29 

842 

62 

1436 

96 

204*8 

30 

86 

63 

I454 

97 

206-6 

31 

878 

64 

t47'2 

98 

208-4 

32 

896 

65 

149 

99 

210-3 

66 

i50'8 

100 

212 

TABLE  VII.— BIRMINGHAM  WIRE  GAUGE  FOR  SHEET  COPPER 

AND  LEAD. 


1 

1  Weight  per  Square 

Weiffht  per  Square 

Thick- 
ness  by 

B.  w.  a. 

Tbickneaa 
inlnchea. 

Foot. 

Thick- 
!  nessby 
B.W.U. 

Thlckneaa 
In  Inches. 

Foot. 

Sheet 

Sheet 

Sheet    '     Sheet 

Copper. 

I>ead. 

No. 

inch. 

CorP-^-  1     Lead. 

No. 

inch. 

lbs. 

lbs. 

lbs. 

lbs. 

oooo 

•454 

20566 

2675 

1       '9 

•042 

i"93 

2-48 

ooo 

•425 

19*252 

2506 

20 

'     '035 

i-6i 

2-04 

oo 

•380 

17-214 

22'42 

21 

•032 

1-47 

1-89 

o 

•340 

15-6 

2006 

22 

•028 

1-29 

1-65 

I 

•300 

I3'8 

1772 

23 

•025 

1-14 

147 

2 

-284 

ly 

1675 

24 

■022 

i-oi 

130 

3 

•259 

11-9 

1526 

25 

•020 

•918 

118 

4 

•238 

11- 

I4'02 

26 

1 

1     -0x8 

■826 

I  "06 

5 

•220 

lOI 

1298 

1       27 

•016 

•735 

•945 

6 

•203 

932 

11-98 

28 

•014 

•642 

•826 

7 

•180 

8-25 

10-63 

29 

•013 

•597 

767 

8 

•165 

7*59 

973 

30 

•012 

•551 

•708 

9 

•148 

6-8 

8-72 

31 

•010 

•480 

■600 

lO 

•134 

616 

790 

32 

•009 

•420 

•532 

II 

•120 

5-51 

7-08 

1       ^3 

■008 

•370 

•472 

12 

•109 

5 '02 

6-42 

'       34 

•007 

•323 

•413 

13 

•095 

4'37 

560 

35 

•005 

■2f)2 

•309 

14 

•083 

3-8i 

490 

36 

'004 

•194 

•236 

15 

•072 

3'3i 

425 

1 
1 

i6 

•065 

300 

383 

17 

•058 

2*67 

3"42 

i8 

•049 

2-25 

2*90 

1 

TABLE  VIIL— NEW  LEGAL  STANDARD  WIRE  GAUGE 

Issued  uy  the  Standards  Department  of  the  Board  of  Trade. 

Came  into  force  March  ist,  1884. 


DeecnptiTe 

Equivalents 

Descriptive 

Equivalents  , 

Descriptive 

Equivalents 

No. 

in  ports  of  an 

No. 

in  parts  of  an 

No. 

in  parts  of  an 

B,  W.  Q, 

inch. 

B.  W.  G. 

inch. 

B.  W.  G. 

inch. 

7/0 

•500 

13 

092 

32 

•0108 

6/0 

•464 

14 

•080 

:       33 

•0100 

5/0 

•432 

15 

•072 

34 

•0092 

4/0 

■400 

16 

•064 

35 

•0084 

3/0 

•372 

17 

■056          ] 

36 

•0076 

2/0 

•348 

18 

•048 

1         37 

•0068 

0 

•324 

19 

•040 

■         38 

•0060 

I 

•300 

20 

•036 

39 

■0052 

2 

■276 

21 

•032 

1         ^° 

'0048 

3 

•252 

22 

■028 

!       41 

•0044 

4 

•232 

23 

024 

42 

•0040 

5 

'212 

24 

•022 

43 

■0036 

6 

•192 

25 

•020 

44 

•0032 

7 

•176 

26 

■018 

45 

0028 

8 

■160 

27 

0164 

1       46 

0024 

9 

•144 

28 

•0148 

47 

■0020 

10 

■128 

29 

•0136 

48 

•0016 

II 

•116 

30 

•0124 

49 

•0012 

12 

•104 

31 

•01 16 

50 

0010 
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TABLE  IX.— CHEMICAL  AND  ELECTRO-CHEMICAL 

EQUIVALKNTS. 


Name  of  Elemeat. 


Hydrogen 
Alumiuium 
Autimony 
Arsenic  . 
Barium  . 
Bismuth 
Boron    . 
Bromine 
Cadmium 
Calcium 
Chlorine 
Chromium  (ic) 
Cobalt    . 
Copper  (Cuprous) 

(Cupricj 
Fluorine 
Gold  (Aurous) 

„     (Auric) 
Iodine 
Iridium 
Iron  (Ferrous) 

„    (Ferric) 
Lead 

Magnesium 
Manganese 
Mercury  (Mercurous) 

„         (Mercuric) 
Nickel    . 
Nitrogen 
Oxygen  . 
Palladium 
Phosphorus 
Platinum 
Potassium 
Selenium 
Silver     . 
Silicon   . 
Sodium  . 
Strontium 
Sulphur 
Tin  (Stannous) 

,,   (Stannic) 
Zino 


Weight 

Chemical 

Electro 

depoaited 

Symbol. 

Equiva- 
lent 

Chemical 
Kqmva- 

by  one 
ampere 

Weight. 

lents. 

flowuigfor 
one  huiir. 

mgr. 

gramme  a. 

H 

I 

o'oio352 

0*03726 

Al 

9' 16 

0-09479 

0-3413 

Sb 

40- 6 

04305 

1-5120 

As 

25 

0-2587 

09313 

Ba 

68- 5 

0  7089 

2-5520 

Bi 

70 

<y7244 

2-6o8o 

B 

365 

0-03778 

0-1360 

Br 

80 

0-8279 

2-9810 

Cd 

56 

0-5795 

2-o86o 

Ca 

20 

o"  20704 

0-7452 

CI 

35*5 

03674 

1-322 

Cr 

^5 

o'lSii 

06519 

Co 

295 

0-3053 

1*099 

Cu 

636 

0-6583 

2-370 

Cu 

31-8 

0-3291 

1-185 

F 

»9 

01 966 

0-7244 

Au 

ig'ot 

2-0334 

7-310 

Au 

655 

06778 

2440 

I 

127 

i-3»4 

4732 

Ir 

4B-3 

04998 

1-799 

Fe 

28 

0-2898 

10430 

Fe 

i8-6 

01 449 

0-6929 

Pb 

1035 

1-0710 

3-8560 

Mg 

I2'2 

01 263 

04545 

Mn 

27'5 

02845 

I  -0240 

Hg 

200 

2*0704 

7*4500 

5? 

100 

1-0352 

37250 

Ni 

295 

0-3053 

1   I  0990 

N 

4-6 

0*04761 

1  01714 

0 

80 

0082816 

0-2981 

Pd 

26-6 

02753 

0-9910 

P 

103 

0-1038 

j  0-3837 

Pt 

44'3 

0-4584 

'   1-6500 

K 

391 

0-4047 

1-4560 

Se 

39 '5 

04088 

14720 

Ag 

108 

i*ii8 

4*0240 

Si 

70 

0-07246 

02608 

Na 

23 

0*2380 

08569 

Sr 

437 

04523 

1-6290 

S 

16 

0-16563 

0-5961 

Sn 

59 

0-6106 

2*1990 

Sn 

295 

03053 

10990 

Zn 

325 

0-3363 

1-2110 
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TABLE  X.— SPECIFIC  GRAVITIES  OP  METALS. 


Metal. 

Sp.  Or. 

Metal. 

8p.  Gr. 

Iridinm 

22*4 

Cast  Iron  . 

7-62 

Platmnm   . 

21-5 

Manganese 

7*52 

Gold 

I9'5 

Tin           .           .           . 

7-29 

Mercnry     . 

13-6 

Zinc          .           .           . 

715 

ThalliuTn    . 

zi'8 

Antimony. 

6*71 

Palladiam . 

11-4 

Tellnrinm 

640 

Lead           , 

11*3 

Arsenic  (Crystals) 

5*72 

Silver 

105 

Alnminiam 

265 

Bismuth 

9-85 

Strontium 

254 

Copper 

8-93 

Magnesium 

I  "74 

Nickel 

890 

Calcium    .           • 

1*57 

Cadmiam   . 

8-66 

Sodium     . 

o*97 

Cobalt 

862 

Potassium 

0-87 

Wrought  Iron 

7*82 

Lithium    . 

0-59 

u  u 
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XI. -TABLES  OF  WEIGHTS  AND  MEASURES. 


r  ponnd 
I  oance 
I  djachm 
I  Boruple 


I  pound 

I  ounoe 

I  pennyweight 


T  gallon 
I  pint 
I  ounce 
I  drachm 


Apothboaribs'  Weight. 
equals    • 


»» 
It 


Trot  Wkioht. 
eqtMls    • 


}f 


f  I 


I 


16  ounces. 
8  drs.  (480  grainfi).* 
3  scruples. 
2  grains. 


12  ounces. 

20  penny  weights  (dwts.) 

or  480  grains.* 
24  grains. 


Imperial  Mbasure. 
tqttalt    . 


»» 


8  pints. 
20  ounccfl. 

8  drachms. 
60  minims. 


One  Clinic  foot  of  wafer  weighfi  62*5  lbs.,  Hnd  contains  6-25  galloris. 
One  gallon  weighs  10  lbs. 


Frbnor  OB  Mbibioal  Ststbic. 

French  Weight. 

Kilogramme,  1 ,000  grammes    .    equaU    ,      2  lbs.  3|  ozs.  marfy. 
Gramme  (the  unit)  .        •       „        .     15 '432  grains. 


French  Measure  of  Vohtme. 


I  litre  (the  unit) 


equals    .     34  fluid  ounces  nearly. 


Long  Measttre, 

MMre  (the  unit)        .        .        .    equals 
Decimetre  (loth  of  a  m^tre) 
Centimetre  (looth  of  a  m^tre)  . 
Millimetre  (looothof  amdtre)  . 


>} 


39*371  inches. 

3*9371  ,. 
03937  „ 
0-0393    » 


*  An  ounce  Avoirdupois  is  only  43 7' 5  graiua. 


TTSKirUIi   TABUISi 
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Tablb  XII.— SPEcmo    Gbavhtzs    cobbebpondtno  to   Deobsxs 

BA.UMft'8  HtDBOKKTBR  FOB  L1QUID8  HBAYIBB  THAN  WaTBB. 

(Watbb  —  Z'OCO.) 


07 


Degrees 

Spedflo 

Degrees 

Specific 

1  Degrees 

Spedflo 

Degrees 

Spedflo 

Baurn^. 

gravity. 

,  Baum^. 

gravity. 

'  Baumtf. 

1 

gravity. 

Baum^. 

gravity. 

0 

Z'OOO 

1 

20 

ZT52 

40 

1-357 

60 

z-652 

z 

Z"oo7 

2Z 

z'i6o 

41 

1*369 

61 

z-670 

2 

ZOZ3 

22 

z-i69 

42 

1*382 

62 

1-689 

3 

Z*020 

23 

Z-Z78 

43 

1*395 

63 

z-7o8 

4 

Z-027 

24 

Z'z88 

44 

1*407 

64 

1-727 

5 

Z034 

25 

Z197 

45 

Z*420 

65 

1*747 

6 

Z'04Z 

26 

Z*206 

46 

1*434 

66 

1*767 

7 

z'048 

27 

Z'2Z6 

47 

1*448 

67 

z-788 

8 

Z-056 

28 

Z-225 

48 

Z'462 

68 

Z'809 

9 

z*o63 

29 

1235 

49 

1*476 

69 

Z-83Z 

zo 

Z-QTO 

30 

I  245 

50 

1*490 

70 

1*854 

IZ 

Z-078 

31 

z*256 

51 

1*495 

71 

1*877 

Z2 

Z085 

32 

z-267 

52 

Z*520 

72 

I '900 

13 

Z094 

33 

z-277 

53 

1*535 

73 

1*924 

14 

Z'ZOZ 

34 

z-288 

54 

1*551 

74 

1*949 

15 

1*109 

35 

1-299 

55 

1-567 

75 

I  "974 

16 

I'liS 

36 

1310 

56 

1583 

76 

2'00O 

17 

Z-I26 

37 

Z-32Z 

57 

z-6oo 

18 

I-I34 

38 

1*333 

58 

z-6z7 

19 

I- 143 

39 

I  "345 

59 

1-634 

Table  Xm.— Specific  GRATrmss  on   Battm&'b   Scale  fob  Liquids 

LIOHTEB  THAN  WaTEB. 


Degrees 

Speciflc 

Degrees 

Spedflo 

Degrees 

Spedflo 

Degrees 

Specifio 

Baum^. 

gravity. 

Baumd. 

gravity. 

BaiiiB£. 

gravity. 

Baumd. 

gravity. 

10 

Z'OOO 

23 

0*918 

36 

0*849 

49 

0*789 

ZZ 

0993 

24 

0913 

37 

0-844 

50 

0*785 

12 

0-986 

25 

0907 

38 

0*839 

51 

o*78z 

13 

0-980 

26 

0*901 

39 

0-834 

52 

0777 

14 

0-973 

27 

0896 

40 

0-830 

53 

0-773 

15 

0967 

28 

0*890 

41 

0825 

54 

0*768 

z6 

0-960 

29 

0*885 

42 

0*820 

55 

0*764 

17 

0954 

30 

0-880 

43 

o*8z6 

56 

0*760 

18 

0-948 

31 

0-874 

44 

o-8zz 

57 

0757 

19 

0-942 

32 

0-869 

45 

0-807 

58 

0753 

20 

0-936 

33 

0*864 

46 

0*802 

59 

0*749 

2Z 

0930 

34 

0-859 

47 

0*798 

60 

0745 

22 

0924 

35 

0-854 

48 

0*794 

66o 
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Tablb   XIV.  —  Dbobssb   on    Twaddbi«l's   Htdsoketeb   and   ths 
C0BBB8PONDIN0  Specific  Gravitub. 

[Kote  the  degrees  of  Twaddell's  hydrometer  are  conyerted  into  their 
corresponding  speoiflo  gravitieB  by  multiplying  by  0*005  >i>'d  AJ^Hing 

1*000.] 


Degrees 
Twaddell. 

Speoiflo 
gravity. 

Degrees 
IWdelL 

Spedflo 
gravity. 

Degrees 

Twaddell. 

Specific 
gravity. 

I 
2 

3 

4 

5 
6 

7 

1*005 

X'OlO 

i'oi5 

Z'020 

1*025 
1*030 
1*035 

8 

9 
10 

11 

12 

J3 
14 

X'040 

I '045 
1*050 

1055 
X*o6o 

1*065 
1*070 

15 

16 

17 
18 

19 

20 

X075 
x-oSo 
1*085 
1*090 

1*095 
1*100 

Bleetrleal  ITnlts. — One  amp^  for  a  second  is  called  an  ampere- 
aeoond,  or  one  coulomb.  There  are  3,600  ooulomba  in  an  ampere- 
hour. 

The  watt  is  the  unit  of  power  or  activity,  and  ib  tlie  aame  kind  of 
unit  as  the  horse-power  :  746  watts  »  one  horse-power.  The  activity 
or  power  of  a  dynamo  is  obtained  in  watts  by  multiplying  its  terminal 
presaure  in  volts  by  its  current  in  amperes.  Thia  activity  is  usually 
expresHcd  in  kilowatia.  The  kilowatt  «  1,000  watts  a  about  1*34 
horse-power. 

Electrical  energy  is  meannred  in  kilowatt  houTB  or  (as  they  are 
usually  called)  Board  of  Trades  Units.  One  Board  of  Trade  Unit  s 
1*34  hone-power  hours. 
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Far  Indbx  of  Nambs  we  pp,  67£«S8c« 


A  COOUTREMENT,  army,  gilding, 


rL 


193 


»» 


n 


>i 


AccumulAtors  or  secondary  batteries, 

22-33 
Acierage,  348,  446 

Adams'     process     for     metallising 
moalds,  139 
„        Mr.  I.,  process  for  nickel- 
plating,  300,  460 
Air-bubbles,  to  prevent  the  forma- 
tion of,  lOX 
Albert  chains,  gilding,  185,  186,  191 
Alumina,  cost  of,  615,  618 
Alomiiiium,  cost  of,  617 

cost  of  sulphide,  6z8 
plating     other    metals 

with,  368,  476.  477 
plating      with      other 

metals,  478, 479 
properties,  6x3 
profits  on  producing,6i8 
alloys,    production    by 

Cowler  process,  619 
Electrolytic  smelting  of, 

614 
world's  output,  617 
action  of  mercury  upon, 
614 
Alloys,  aluminium,  619 

„      electro-deposition  of,  374)387i 

398»  399.  400,  453.  473 
„      new  white  metal,  399 
„      refining  complex  jeweller}*, 
568 
Amalgam  gilding,  210 
Amalgamating  zincs,  19,  100 
American  copper  refineries,  494,  499, 

500,  521 
Ammeters,  38 
Ampere  or  practical  unit  of  current,6 


n 


Animal  substances,  copying,  124 

Anodes,  78 

brass,  386 
carbon,  370 
carbon  rod,  615 
charcoal  iron,  350 
copper,  gilding  with,  221 
German  silver,  397 
gold,  i79>  186,  191,  563 
lead, 


n 
n 
n 
if 
n 


ft 

n 

»» 
»» 
»» 
», 
»» 
n 
»» 


366,  599,  602 

mud  from,  see  Sludge 

nickel,  337,  399,  436,  627 

palladium,  362 

pUtinum,  195,  357 
„  wire,  186 

sUver,  229,  233.  570-573 
„     and  cadmium,  475 
„     and  platinum,  399 

steel,  349 

tin,  398 

tin  and  chromium,  398 

brass  cleaning,  400 

bullion,  563-577 

cast  cobalt,  465 

cast  nickel,  292,  436 

cleansing  and  inspection  of 
during  refining,  537 

cobalt,  465 

copper  employed  in  refining, 

537 
dirty,  400 

gold,  worn,  2x9 

iron,  349 

iron  wire,  35X 

rolled  cobalt,  360 

„      nickel,  337.  43^ 

„     silver,  282 
sludge  from,  see  Sludge 
wfirn,  282 

«nc,  353»  354 
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Antidotes,  and  remedies  in  case  of 

poisoning,  456 
Antimony  deposition  of,  363 
Antimony  deposition  by  simple  im- 
mersion, 364 
„        solutions,  363,  364 
Antique  or  golden  bronze,  394 
Antique  silver  imitation,  277 
Areas  plating,  473 
Argyrometric  scale,  Roeeleur^s,  270 
Arrangement  of  plating  vats,  78 
Armature  of  dvnamo,  52 
Autogenous  soldering  prooees,  289 


BACKING  pan,  141 
Bu  ki  )g-up  metal,  141 
Balance  pitting,  269 
Bar  tittiug;*,  &c.,  nickeling,  319 
Barometer,  &c.,  scales,  silvering,  239, 

240 
Barrel  method  of  plating,  461-464 
Bath,  arrangement  for   electrolytic 
refining  of  copper,  424 
articles  falling  into,  336 
motion  of  articles  in  the,  251 
plating    arrangement  of,  78, 

249 

„       preparation    of     new 
work  for,  241 
precautions    to    be    observed 

when  filling  the,  282 
recovery  of  dropped  articles 
from,  336 
Battery,  arrangement  of,  35,  iz8 
bichromate,  17 
Bunsen's,  15 
connections  in    series  and 

parallel,  35 
constant,  5 
constancv  of,  5,  21 
cupron  efement,  8-zi 
DanielFs,  12 

electro-motive  force  of,  5 
Groves',  14 
Lalande's,  8-iz 
Leclanch6's,  z8 
management  of  primary,  19 
Smee's,  14 
secondary,  22-33 
„        Wollaston's,  5 
Batteries,  activity  of,  20 
,,         electric,  4-28 
„         polarity  of,  7 
„         primary,  8-23 


n 


n 
n 

n 
•» 

»» 
»• 
»» 


Beer,  scratch-brushing  with,  187 
Beeswax,  103 
Belts,  driving,  59 
Belts,  jointing,  60 

„     slipping  off,  60 
B^semer  bronze,  129, 394 

„       Sir  H^  early  experiments 
in  depositing  copper,  88 
Bichromate  battery,  17 
Bicycles,  nickeling,  321 

„      second-hand  nickeling,  322 
„      spokes,  nickeling,  321 
Binding  screws,  21 
„       wire,  X25 
Birmingham  ware,  259 
Birmingham  wire  gauge,  655 
Bismuth,  electro-deposition  of.  363 
Bits,  spurs,  dw^  nickeling,  316,  324 
Black  Dronze,  392 
„     enamel,  281 
Blood-stone  burnishers,  426 

tools,  buff  for  polishing, 
426 
Bob,  lime,  422 
Bobs,  polishing  420    • 
Book-clasps,  &c.,  nickeling,  330 

„    work  mounting,  143 
Boron  bronze,  622 
Boxwood  sawdust,  195.  275 
Brass  anode,  386 

anodes,  cleaning,  400 
articles,  small,  nickeling,  313 
„     clock  dials,  Ac,  whitening,  240 
deposits,  thick,  386 
electro-deposition  of,  374 
finishing,  422 
polishing,  419 
sheet,  cathodes,  600 
silicious,  652 
solder,  414 
Brassing  differei  t  metals,  401 

.,        electro,  cast-iron  work,  387 
lead,    pewter,   and 

tin  woric,  389 
notes  on,  400 
observations  on,  390 
Bright  and  dead  gilding  in  parts,  2x3 
dead  lustre,  196 
lustre,  dip  for,  244 
plating,  236,  285 

„      solution  for,  236 
Brightening  solution,  237,  284 
Britannia  metal,  266 

„        Ac,  electro-plating,  258 
gilding,  175 
lead,  Ac,  gilding,  224 


7» 


»1 


»» 


»» 


n 


»» 


»» 


>» 


»♦ 


» 
»» 


» 


»» 


» 


If 
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»» 


I» 


»» 


f« 


♦» 


»» 


Britannia  meUl,  tin,  &c„  ntcksling 

eolation  for,  306 
Brooches,  gilding,  185.  187 
Bronze,  aluminium,  623 
„      Bessemer,  129,  394 
„      blaclc,  392 
„      cobalt,  399 
„      colour,  green,  400 

electro-deposition  of,  374, 396 
green,  393 
magnesdum,  399 
mercurial,  652 
„      phosphor,  652 
„      powder,  tin,  139 
powders,  394 

„       metallic,  129.  391, 

438 
„      silicon,  652 

„      solution  for  gilding,  168 
„      steel,  394 
Bronzes,  colour  of,  400 
„        electro,  200 
„        gilding  with  amalgam,  2x4 
Bronzing  ceramic  ware,  395 
chocolate  tone,  393 
electro-brassed  work,  392 
electro-brassed  zinc   work, 

French  method,  394 
the  electrotype,  109 
fenders,  392,  395 
gun  barrels,  365 
paste,  393 
salt,  365 

solutions,  379,  396 
stove  fronts,  392 
„        umbrella  stands,  395 
Bru:the8,  253 

bristle,  423 
camel-hair,  277 
circular,  424 
cow-hair,  423 
hog-hair,  3x1 
scouring,  253 
„        scratch,  187,  256 
Bubbles,  removing  gas,  10 1,  330 
Buff,  266 
„    for  polishing  bloodbtone  tools, 

426 
„    sticks,  266 
Buffing  old  work  after  stripping,  26X 
Buffs,  423 

Buildings,  refinery,  cost  of,  50X 
Bullion  anodes,  595 

M      base,  refining,  595,  611,  612 
„      base,  cost  of  refining,6o9,6 10, 
6X1 


»» 
•f 

M 
•  t 
>f 

n 
»• 


n 
n 
n 


Bullion  plates,  595 

„      refining,  563 

„      refining  base,  595 
Bunsen  cell,  186 
Burning  the  work,  289,  3x2 
Burnishing,  426 
Buttons,  hooks  and  eyes.  Ac,  whiten 

ing,  238 
Busts,  plaster,  copying,  1 20 


CADMIUM,  deposition  of,  371 
Cadmium  silver  alloy,  deposit 
tion,  473 
Candlesticks,  old  plated,  264 
Capital  outlay  on  electrolytic  copper 

refineries,  500 
Case-filling  and  steam-heating  tables, 

134 
Cast-iron  coppering,  152 

.,       dogs,  bronzing,  395 
pickling  bath  for,  298 
rollers,  coppering,  152 
rough,  brass  solution  for, 

385 
work,  brassing  solution  for, 

401 
work,  cleaning  for  nickel- 
plating,  295 
work,  electro-brassincf,  387 
work,  nickeling,  325 
work,  preparing    of,    for 
zincing,  354 
„       work,  scouring,  388 
Cast  nickel,  292 

„  anodes,  337 

Cathodes,  78 

„        rotating  disc  form,  60a 
„        travelling  band  form,  571 
Chainwork,  nickeling,  326 
Chains,  gilding,  x88,  216 
Chalices,  gilding,  195 
Chamois  leather,  192,  279 
Chandeliers,  oxidising,  279 
Chemicals  used  in  electro-deposition, 

429 
Chemical      and     electro-chemical 

equivalents,  656 
Chromium  alloys,  anodes  of,  398 
„  „       solution  for,  398 

„         deposition  of,  372,  398 
Circuit,  electric,  2 
Circulation  of  electrolyte,  530 
Clearing  the  mould,  1x3 
Clock  cases,  gilding,  203 


n 
ft 
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t* 


ft 


»» 


n 


»» 


Clock  dials,  brass,  &c.,  whitening, 

239, 240 
Clock,  gilding,  171 
Cloth,  coppering,  129 
Cobalt,  anodes,  359 
„      bronze,  399 

electro-deposition  of,  359^^64 
solutions,  361 
Co£fee-potB,  electro-plating,  254,  262 
Coffin  nailS)  Ac.,  whitening,  238 
Colour  of  bronzes,  400 

y,     of  deposit,  canses  which  affect 
the,  189 
of  electro-deposited  gold,  204 
warm  bronze,  393 
Coloured  gold,  191 

„      jewellery,  207 
Colouring,  dry,  207 

gilt  work,  170 
or  hand-finishing,  425 
mercury  gilding,  212 
mixture,  ormoulu,  214 
nickel-plated  work,  448 
processes,  206 
salts,  X70,  19 1 
wet,  207 
Conductivity  of  metals  and   alloys, 
652 
of   nickel  baths,  aug- 
mentation of  the,  334 
superior,  of  hot  gilding 
solutions,  174 
Connecting  the  mould  to  the  wire,i  17 
Connection  gripper,  Hoe's  electric, 

138 
Connections,  battery,  282,  287 

„  „         cleaning,  287 

Constancy  of  batteries,  21 
Constant  battery,  79 
Copper  anode,  gilding  with,  221 
,,       anodes,  composition  of,  537 
baths,  composition  of,  160 
coating  non-conducting  sub- 
stances with,  164 
colossal  statues  in,  148 
depositing  baths  for  electro- 
typing,  140 
depositing  baths, alkaline, 1 55 
depositing  on   glass,  porce- 

lain,  Ac.,  128 
deposition  of,  on  iron,  149 
electro-metallurgy  of,  480526 
electrolyUc    refining    of,  in 

America,  494,  541 
electrolytic  refining   of,  ad- 
vances in,  500 
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Copper,  electrolytic   refining  of,   at 

BridgeiK>rt,  502 

„       electrolytic    refining   of,  by 

Elklngton,  489 

electrolytic    refining   of.   at 

Anaconda,  502,  503,  505, 

515 
electrolytic   refining  of,   at 

Biache,  492 
electrolvtic    refining   of,   in 

Birmingham,  493 
electrolytic    refining   of,  at 

Hamburg,  490 
electrolytic  refining  of,  Kili- 

ani,  Dr.,  on,  483-488 
electrolytic   refining   of,   at 

Marseilles,  492 
electrolytic    refining   of,   at 

Oker,  493 
electrolytic   refining    of,  at 

Stolberg,  502 
electrolytic  refining  of,  eariy 
esUm'ates  of  cost  of,  494  498 
moulds,  making  by  electro- 
lysis, 161 
plates,  electro-etching,  159 
plates,  engraved,  facing  with 
iron,  3^ 
„       rollers,  Wilde's    process  for 
producing,  by  electro-depo- 
sition, 151 
Coppering  cast-iron  rollers,  152 
cast  iron,  152 
cold  solution  for,  154 
notes  on,  162 
plants  and  sea-weed,  128 
printing  rollers,  149 
solutions,  X55 
steel  shot,  162 
„     wire,  i54f  i55 
Copying  animal  substances,  124 
„      coins  and  medals,  201 
„      engraved  metal  plates  and 
facing  them  with  iron, 

350 
Copying  plaster  busts,  120 

„  „      medallions,  11 1 

„        statues,  Ac.,  148 

,,        v^table  substances,  128 
Comer  disbm,  re-plating,  267 
Cornice  poles.  Ac,  nickding,  320 
Cost  of  electrolytic  copper  rdning, 

499-523.  561 
batteries,  primary,  ix,  13,14 

„         secondary,  71 

„        annnal,  33 
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Cost  of  dynamos,  6i,  504 
dynamotor,  62 
motor  dynamos,  63 
power  generation,  503,  5x3 
silver  refining,  572,  574 
tinned  iron  scrap,  579,  593, 

594 
lead  refining  by  Tommaars 

process,  608,  609,  610 
lead,  spongy,  by  Tommasi's 

process,  610 
base  bullion  refining,  6zz 
pure  alumina,  615,  618 
aluminium  sulphide,  618 
aluminium,  617.  618 
nickel,  630 
copper,  560,  561 
tin,  578,  579 
zinc,  649,  650 
thermopiles,  41,  46,  47 
motor  starting  switches,  65 
small  gaA  engines,  67 
Cupron  element  cells,  x  i,  68 
Baniell  cell,  13 
depreciation    and    repairs, 

annual,  of  copper  retining 

plant,  51 X 
steam  engines,  small,  68 
oil  engines,  72 
regulating   resistances,  74, 

75.76 
copper  refinery  buildings,50i 

„      offices,  50X 

power    plant    for    copper 

refining,  503 

refining  vats,  504 

dynamos  and  switchboards, 

504 
copper  electrolyte,  506 
copper  anodes,  506 
M  „     cathodes  and  stock 

copper,  507 
„     circulating  and  purifying 

plant,  510 
„      labour,  512 
„      remelting  copper,  5x3 
„      small  electro-plating  plants, 
generators  for,  66 
Cream  ewers,  gilding,  191,  219 
Crocus,  272,  335 

Cruet  stands,  &c.,  plating,  252,  260 
Cr}'8talline  deposit,  273 
Cyanide,    commercial    method    of 
testing,  433 

f,        d«P»  395 

^       excess  of,  283 
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Cyanide,  excess  of,  injurious,  224 
free,  193,  231 

„     test  for,  455 
observations  on,  229 
preparation  of,  43  x 
pure,  432 
Current,  electric,  remarks  on,  2 
Current  density  in  electrolytic  cop- 
per refining  vatM, 
515,  521 
in  conductors,   522, 

608 
high,  in  copper  re- 
fineries, 546 
importance  of,  514 
reason  for  possibility 
of     using     higii, 

559 
in    gold    refineries, 

564.  567*  568 
in    silver  refineries, 

570,  573 
in  lead  refining,  607 
in  aluminium  Rmel- 

ting,  615,  616 
in    nickel    refining, 

626,  627 
in  electro  -  zincing, 

632,  635 
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DAMASCENING,  79 
Daniell's  battery,  12 
Dead  and  bright  gilding  in  parts. 
213 
„    gilding,  188 
r,    lustre,  dip  for,  245 
„    nickel-plating,  335 
„    ormolu,  216 
,,    work  nickeling,  320 
Defects  in  gilding,  causes  of,  220 
Density,  use  of  high  current,  546 
current,  in  leads,  522,  60S 
current,  importance  of,  514 

521 
Dental  work,  nickeling,  331 

Dentists'  tools,  Ac,  nickeling,  313 

Dip  acid,  296 

„    for  bright  lustre,  244 

„    cyanide,  295 

„    mercury,  242 

„    nitric  acid,  244 

Dipping,  245 

iicid,  244,  295,  297,  435 

deposition  uf  tin  by,  339 

electro-brassed  work,  395 
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Dipping  gilding  silver  by,  172 
Dishes,  corner  replaiing,  267 
Doctor,  the,  192 
Doctoring,  318,  319,  333 

„         in  gilding,  173 
Dolly  finishing,  462 

,.     mop,  425 
Diillving,  composition  for,  335 
Dry  colonring,  207 
Dry  niclcel.plating,  335 
Dryer,  centrifugal,  601 
Dust  on  surface  of  bath,  286 
Dynamos,  51  64,  257 

„         management  of,  56,  61 

„         cost  of,  6z,  504 

„         voltage  of,    for   electro- 
plating, 5,  61 

„         voltaije  of,  for  copper  re- 
fining, 536 


ULASTIC  moulding  material,  105 
^-*    Electrical  potential,  2 
Electrical  rcslKtance?,  73 
„        smelting,  614,  619 
„        units,  660 
Electro-chemical  equivalents,  656 
Electro-galvanising,  see  galvanising 

and  zincing 
Electrolyte,  purification  of,  in  copper 

refineries,  543 
Electrolytes.  33 
Electro-motive  force,  2 
Electro-motive  forces,  sources  of,  3 
Electro-plate,  259 

„  characteristics  of,  267 

„  resilvering,  266 

Electro-plating    plant,    economical 

working  of,  476 
Electro-soldering,  284 
Electrotype  blocks,  144 

bronzing,  no 
finishing  the,  142 
mould,  272 

„      press  for,  135 
rollers    for    impressing 

leather,  152 
thickness  of  an,  164 
tinning  and  backing  the, 

141 
nickel  facing,  328 
E!lectrotyping  book  work,  143 

„  building  iron  for,  134 
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Eleoliotyping  case  filling  and  steam 
iieating.  tables    fur, 

134 
„  wood  engraving:^,  144 

Electro-zincing,  see  galvanising  and 

zincing 
Elements,  their  symbols  and  atomic 

weights,  651 
Emery  wheeU,  257 
Enamel,  black,  281 
Enamelled   iron    pans    for   gilding 

baths,  195 
End-brush,  191 
Equivalents,  chemical  and   electro- 

chemical,  656 
Etching,  electro,  159 

„      ground  composition,  159 


IMAGING  engraved  copper    plates, 
A      348 

Facing  nickel  electrotypes,  328 
Fender    and    stove   work,  bra.sriing, 
4CX) 
„      iron  bronzing,  392,  395 
Filigree  work,  gilding,  192,  218 

yf        n     gliding    solution   for, 

193 
Fini>liing,  brass,  422 

,,         dolly,  ^22 

the  electrotype,  14a 
hand,  425 
„         lime,  422 
mop,  425 
„         stone,  428 
Floating  moulds,  126 
Flowers   and   insects,  &c.,   electro- 
typing,  126 
Forceps,  &c.,  nickeling,  331 
Forks  and  spoons,  scratch-brushing, 

256 
„       plating  by  weight, 

273 
„       wiring   for  plat- 
ing, 247 
Formes,  preparing  the,  132 
Foxy  colour  in  gilding,  189 
French  cheap  goods,  re- nickeling,  327 
„     gilding  for  cheap  jewellery, 

168 
„      wet  colouring,  209 
Fro>ted  gilding,  188 
Fusible  metal,  104 

„      moulds  from,  i|6 
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rjALVANISING.  electro-,  of  iron, 
^     631-650 

Galvanising,  electro-,  advantages  of, 

640 
„  „        cost   of,    638- 

640 
Gas  engines,  small,  67 

„  ran  on  producer  gas,  71 

Ganze  wire,  nickeling,  329 
Gelatine,  350 
German  silver,  396 
German  silver  anode,  397 

„  „    deposition     of,    396, 

397 
„  „    gilding,  179,  194,  221 

„    temperature  of  solu- 
tion for  gilding,  194 
„    plating    with    silver, 
258 
Gilders'  wax,  215,  216 
Gilding  amalgam,  2x0 
„      bath,  178, 185 

„     for  steel,  194 
„     management  of,  219 
brass  and  copper,  167 
Britannia  metal,  175 
bronze,  x68 

bronzes  with  amalgam,  214 
causes  affecting  the  colour 

of,  189 
chloride  of  gold  solution  fur, 

195 
cold,  203 

in  cold  baths,  182 

colour  of,  204 

colouring  imperfect,  206 

by  contact  with  z  nc,  172 

with  copper  anode,  221 

dead,  188 

(lefectB  in,  220 

fronted,  188 

German    silver,     179,    ir4, 

221 

gold  articles,  191 

green  gold  colour,  205 

by    immersion    in    ethereal 

'solution  of  gold,  167 
inside  of  vesseL*,  191 
lead,  Britannia  metal,  d:c., 

224 
matted  or  dead,  193 
mercurial,  193 
metal  with  gold  leaf,  203 
old  solutions,  treatment  of, 

2X8 
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Gilding  a  pale  straw  colour,  206 
„      pewter  solder,  220 
„      pinli  gold  colour,  206 
„      with  platinum  anode,  186 
„      pyro,  204 
„      with  the  rag,  173 
„      red  gold  colour,  203 
„      sillc,  cotton,  &c.,  203 
„      by  simple  immersion,    67 
„      solution,  ferrocyanide  i  83 
„  „       heating  the, ,  i 

„      solutions,  175,  X79,  2o6,  223 
„      steel,  194,  195,  X96 
^      stone,  2x1 
„      water,  166,  210 
„      zinc     articles,    continental 
method,  201 
Glass,    porcelain,    &c.,    depositing 

copper  upon,  X28 
Glyphography,  160 
Goblets,  cream  ewers,  ^c.  gilding, 

219 
Gold  amalgam,  2XX 
„    anode,  X79,  19X,  219 
.,    articles,  gilding,  191 
.,  „       re-colouring,  207 

„    bullion,  refining  of,  563 
„    double  cyanide  of,  crystallised 

462 
„    ethereal  solution  of,  167 
„    green,  205 

„    impure,  employment  of,  217 
„    leaf,  gilding  with,  203 
„    mystery,  22  x 
„     old,  217 

„    and  silver  alloys  deposited,  398 
„    size,  129 

„    stout,  coatings  of,  223 
„    spurious,  22  X 
Grain  gold,  175 
„    silver,  227 
.»    tin,  339*  340 
Graining  watch  movements,  197,  198 

„      powders,  197 
G  reen  or  antique  bronze,  394 
„     bronze,  393 
„  „     colour,  400 

,,     gold,  205 
Grove's  battery,  X4 
Gun  barrels,  browning,  365 
Gutta-percha,  102 

„  lining      for     plating 

tanks,  287 
„  and  marine  glue,  IC3 

„  moulds,  272 
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Gatta-percha,  plastic,  103 
tubing,  245 


» 


TTAND  finishing,  425 
J-L  „      polishing,  265 

„      rails,  Ac,  nickeling,  320 
„      shaving  machine,  143 
Hard  solder,  4x4 

Harness  furniture,  niclceling,  324 
Heating  gilding  solutions,  z86 

electrolyte,  531 
Holes,  sand,  338 
Hooks,  eyes,  buttons,  d(c.,  whitening, 

238 
Hotel  silver  plating  plant,  475 
Hydraulic  rams,  coppering,  152 
Hydrogen,  evolution  during  plating, 

401 
Hydrometer,  cell  testing,  30 

fiaum^'s  tables,  659 
Twaddell's  table,  660 
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IMITATION  antique  silver,  277 
Immersing  work  in  the  bath,  312 
India-rubber  tubing,  245 
Inside  of  plated  articles,  stripping,  264 

„     of  vessels,  gilding,  191 
Insulating  brackets,  314 
Iron  anodes,  349 
„   articles,  tinning  by  simple  im- 
mersion, 339 
„    cast,  see  cast  iron 
„    depositing  upon  moulds,  350 
,,    electro-deposition  of,  348,  442 
„    fenders,  bronzing,  395 
„    galvanising,  353 
„    nickeling,  325 
„    tanks,  285 
„   wire  anodes,  351 
„   work,  electro-brassing,  387 
„    scouring,  388 

„    wrought,  electro-brassing,  388 
„         work,  preparing  for 
zincing,  354 


fi 


JEWELLER'S  rouge,  279 
Jewellery  alloys,  refining,  568 
Jewellery  articles,  gilding,  216 

cheap  French,  gilding  for, 
t68 
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Jewellery,  cheap,  gilding,  220 
„       coloured,  207 
„        French  gilding,  220 

Jointing  belts,  60 


T  ACQUERING      electro  -  brassed 
■*^    work,  396 
Lamp  posts,  coppering,  153 
Lamps,  table,  &c.,  nickeling,  316 
Lathe,  foot  for  polishing,  423 
„    scratch-brush,  187,  255 
„    polishing,  257 
Lead,  357 
,,     anodes,  366 
„     black,  393 

Britannia  metal,  &c.,  gilding. 

224 
cost  of,  6zo 

cost  of  refining,  609,  610 
deposition  of,  365,  446 
„      mounts,  treatment  of,  262 
„     pewter,  and  tin-work,  electro- 
brassing,  3S9 
„     electro-refining,  595-612 
„      solutions  for  electro-plating, 

365 
Leading  rods,  196,  316 

„        wires,  196 
Leather  belts,  60 
„        bull  neck,  420,  424 
chamois,  279 
hippopotamus,  420 
„        walrus,  420 
Leclanch6's  battery,  18 
Ley  caustic,  398 
Lime  bob,  423 
„    finishing,  422 
„    Sheffield.  323 

„    used  in  finishing  nickel-plated 
work,  331 
Liqueur  stands,  Ac.,  plating,  253, 260 
Lockets,  gilding,  185,  187 
London  wet  colouring  process,  209 
Long  work,  nickeling.  320 
Lustre,  bright,  dip  for,  244 
„     dead,  dip  for,  245 
bright  dead,  196 
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MAGNESIUM  and  its  alloys,  depo* 
sition  of,  398 
bronze,  399 
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Magnesium,  depotition  of,  373  | 

Marine  glue  and  gutta-percha  com- 
position for  moulds,  103 
Matted  or  dead  gold,  103 
Measures   and   weights,    tables   of, 

6s8 
Medallions,  copying,  plaster  of  Paris 

for,  HI 
Medals,  dbc,  copying,  107 
Mercurial  bronze,  652 
Mercury  dip  188,  242 

„  cyanide  of,  242 
gilding,  2IO 
gilding,  bright  and  dead  in 

parts,  213 
gilding  bronzes,  214 
gilding,  colouring,  212 
gilding,    colouring    paste 

for,  212 

gilding,  dead  ormolu,  212 
^ding  French  clocks,  215 
gilding,  ormolu  colour,  214 
gilding,  preparation  of  the 

amalgam  for,  2x0 
gilding,  red  gold  colour, 

214 
re-gilding,  2x0 
aradormolu,2i5 
yellow     ormolu, 
215 
Metal,  gilding,  188,  also  see  gilding 

„     polishing,  419 
Metallic  bronze  powders,  129,  394 
Metallising  the  moulds,  138, 139 
Melallo-chromes,  366 

„  „        on    nickel  -  plated 

surfaces,  368 
Mop  finishing,  425 
Motion  given  to  articles  in  the  bath, 

251 
Mould,  clearing  the,  1x3 

„      connecting  the  wire  to  the,  x  17 

„      plnmbagoing  the,  136 

„      preparing  the,  1x2, 133 

Moulding  case,  134 

„       composition,  133 

„       in  gutta-percha,  107 

„        in  plaster  of  Paris,  123 

materia],  clastic,  105 

materials,  X02 

or  taking  the  impression, 

134 
Mouldings,  192 

Moulds,  copper,  making,  by  electroly- 
sis, i6z 
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Moulds,  depositing  iron  upon,  350 
elastic,  120 
floating,  126 
from  fusible  metil,  i  x6 
gutta-percha,  272 
metallising  the,  138 
of  sealing-wax,  x  i  x 
plaster,  electrotyping  from, 
144 

„      plaster  of  Paris,  xo6,  X23 
Mounts  lead,  262 
silver,  262 

umbrella,  Ac.,  nickeling,  314 
„  „       suspending,  335 

Mud  anode,  see  Sludge 
Mugs,  gilding,  iqx 
Mullers,  Ac.,1[iickeling,  317 
Mystery  gold,  221 


NEW  work,  preparation  of,  for  the 
plating  bath,  24X 
Nickel  anodes,  290,  292,  337,  436) 

627,  628 
„         cast,  337 
.,         rolled,  337 
baths,  augmentation  of  con- 
ductivity of,  334 
„     cast,  292 
„     cost  of,  630 
„     electro-deposition  of,  288 
„     facing  electrotypes,  328 
plated  articles,  stripping,  327, 
4x1 

„     work,   lime     used    in 
finishing,  331 
polishing  or  finishing,  423 
recovery  of,  from  old  solutions, 

332 
removal  of.  from  suspending 

appliances,  335 
„     rolled,  292 
Nickel  solution,  preparation  of,  29X 
for   stripping,  from 
brass  and  copper 
articles,  412 
„  „        common  salt  in,  333 

„     stripping  bath  for,  327 
„     tanks,  3x4,  319 
„     work,  scouring  tray  for,  309 
Nickel-plating,  acid  dip  for,  296 
application  of,  288 
bar  fittings,  Ac,  319 
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Nickel -plating,  bath  for  stove  fronts, 
Ac^  321 
barrel     method     of 

plating,  46Z 
cait    iron,     pickling 

bath  for,  298 
cyanide  dip  for,  295 
dental  work,  for,  313 
dipping  acid  for,  297 
dip:!  for,  296 

dry,  335 
gauze  wire,  329 
long  pieces  of  work, 

320 
mullers,  iK.j  317 
nitrates  affecting,  460 
plant,  arrangement  of, 

314 
potash  bath  for,  294 
preparation  of    work 

'or,  293,  309 
printing  rollers,  329 
pur»e  frames,  (Ike,  314 
small  articles,  334 
small  brass  and  cop- 
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per  articles,  314 
10 


>(ickeling  bath  for  facing  electro- 
types. 328 
bicycles,  321 
bicycle  spokes,  321 
bits,  spurs,  Ac,  316,  324 
book  clasps,  &c.,  330 
brass   and   copper   work, 

310 
cast-brass  work,  338 
cast-iron  work,  325 
chain  work,  314 
dead  work,  320 
denUl  work,  313,  331 
handrails,  Ac,  320 
harness  furniture .  324 
kilting  machines,  335 
notes  on,  330 

plant,  arrangement  of,  314 
printing  rollers,  329 
re-,  old  work,  327 
reticule  frames,  sc,  314 
sanitary  work,  Ac.,  319 
screws,  Ac.,  313 
second-hand  bicycles,  322 
ships^  deck  lamps,  320, 335 
shop  fronts,  320 
small   articles,    313,   314, 

334 
stove  fronts,  Ac,  321 
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Nickeling  stirrups,  325 

solution    for   tin,  Britan- 
nia metal.  Ac,  305 
solutions,  preparation  of, 

299 
sword  scabbards,  323 
table  lamps,  Ac,  316 
nmbrella  mounts,  Ac,  314 
wire  gauze,  329 
Nielled  silver,  281 
Nielling  composition,  28c 
Niello.  281 

Nodular  growths,  formation  of.  in 
electro-deposited  copper,  545 


AHM*S  law,  6 
^    Oil  engines,  72 
Old  cyanide  solntions,  recovery  of 
gold  and  silver  from,  403' 
„   gold  solutions,  217,  218  * 

.,   plated  ware,  preparation  for  re- 
silvering,  259 
slinging  wires,  286 
work,  buffing,  after  stripping, 

261 
work,  re-nickeling,  327 
„      „      replating,  259 
Organic  matter,  effect  of  on,  the  elec- 
trolytically  deposited  metal,545.627 
Ormoulu,  215 

„       colour,  214 
„       colouring  mixture,  214 
„       dead,  216 
„       red,  215 
„       yellow,  215 
Oxidised  silver,  277 
Oxidising,  277 

„        chandeliers.  279 
„     -<copper  surfaces.  452 
„      ^nd  part  gilding,  279 
„       with  the  paste,  278 
„        satin  finish,  279 
-silver,  277 
small  articles,  279 
with  solution  of  platinam, 

278 
statuettes,  279 
with     sulphide    of     am> 

monium,  279 
•with  sulphide  of  potassiun&y 

278 
or  sulphuring  silver^  280 
„       vases,  279 
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PALLADIUM,  362,  472 
*■  „      anode,  362 

„      electro-deposition  of,  362, 
472 
Paper,  metal-coated,  464 
Part  gilding  and  oxidising,  279 
Paste,  bronzing,  393 
^     for  green  bronzes,  393 
„     oxidising  with  the,  278 
Patens,  gilding,  195 
Phosphor  bronze.  652 
Piclcle,  sulphuric  acid,  20X,  298 

,,      for  zinc  woric,  388 
Pickles,  electrolytic,  646 

„      various,  298 
Pickling  bath  for  cast  iron,  298 
Pickling  bath  for  galvanized  iron,  635 
Pickling  and  cleansing  iron  and  other 

metal  surfaces,  641-648 
Pink  gold,  206 

„    tint  upon  silver,  282 
Pins,  brass,  electro-tinning,  339 
Plaster  busts,  copying,  120 

„     medallions,  wax  moulds  from, 

114 
„     mouMs,  elcctrotyping   from, 

144 
„      of  Paris,  106 
ft         n         medallions,  copying, 

ixz 
»         tt         moulding  in,  123 
Plastic  gutta-percha,  103 
Plated  articles,  stripping  gold  from 
insides  of,  264 
„     candlesticks,  old,  264 
„     electro    articles^    whitening, 

275 
„     nickel  articles,  stripping,  327, 
412 
or  silver  work,  polishing,  423 
ware,  old,  preparation  of ,  for 
resilvering,  259 
Pluting  balance,  269 

„      bath,   brightening   solution 

for,  237 
„       bright,  236,  285 
„      different  metals  at  the  same 
time,  283 
Platinised  platinum  plates,  140 
„        silver,  140,  356,  442 
Flatmising,  442 

„  solution,    concentrated, 

357 
Platinum,  electro-deposition  of,  356, 
358.  441 
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Platinum,  oxidising  with  solution  of, 
278 
„        plates,  platinised,  140 
„        p3nro-plating  with,  274 
„        and  silver  solution,  399 
,,        wire  anode,  i56 
wire  trays,  246 
Plumbagoing,  112, 133 

„  the  forme,  133 

,,  machine,  137 

,.  the  mould,  107,  136 

Poisoning  by  acid  fumes,  459 
by  alkalies,  458 
antidotes  and  remedies  in 

cases  of,  456 
by  corrosive  acids,  458 
general  treatment  in  cases 

of.  457 
by     hydrocyanic      acid, 
cyanogen,    or   cyanide. 
458 
mercurial,  193 
by  metallic  salts,  458 
Polarisation,  6 
Pole,  negative,  250 
,,     positive,  249 
Polishing  bloodstone  tools.buff  for,426 
„        burnishers'  buff  for,  426 
or  finishing  nickel,  423 
hand,  265 
lathe,  420 
lathes,  257 
„        metal,  419 
,,        silver  or  plated  work,  423 
„        steel,  423 
,,        tools,  420 
Porcelain,  coating  with  copper,  128 
Porous  cell,  origin  of,  91 
Pot  gildin^',  170 
Potash,  American,  243,  294 
„        bath,  187,  243 
„        bath  for  nickel-plating,  513 
Power  plant  for  refineries,  294,  503 
Price  of  (see  cost  of) 
Printers'  set-up  type,  electrotyping, 

131 
Printing  rollers,  coppering,  149 

„        rollers,  producing,  by  elec- 
tricity, 151 
„        rollers,  nickeling,  329 
Progress  of  electrolytic  copper  refin- 
ing, 488 
Protective  effpct  of  zinc,  633 
Purification  of  electrolyte  in  electro- 
lytic copper  refineries,  543 
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Pyro-gilding,  204 
Pyro-plating,  274 

„  with  alumininm,  274 

with  gold  and  silver, 

274 
with  platinum,  274 


QUICKING,  140 
„        solutions,  243 


RAG,  gilding  with  the,  173 
Railway  kevs,  d^.,  nickeling,  334 
Re-colouring  gold  articles,  207 
Recovery  of  dropped  articles  from  the 
bath,  336 
„         gold   and    silver    from 
scratch  -  brush  waste, 
406 
„         gold    and   silver   from 
old     stripping     solu- 
tions, 407 
„         gold  from  old   cyanide 

solutions,  403 
„         nickel   from    old  solu- 
tions, 333 
„         silver  from  old  cyanide 

solutions,  404 
„         tin  from  tin  scrap  by 
electrolysis,  346 
Bed  gold,  205 

„   ormouln,  2x5 
Redding,  272 

Refining  copper  electrolytically,  480, 
562 
electrolytic,  in  America,  494, 

541 
electrolytic,     arrangements 

of  baths  for,  424 
electrolytic,  of    copper   at 

Biache,  492 
electrolytic,   of    copper  at 

Birmingham,  493 
electrolytic,  of  copper,  cost 
of,  499 
electrolytic,  of  copper  at 

Hamburg,  490 
electrolytic,  of  copper,  Dr. 

Kiliani  on,  483 
copper,     electrolytic,     at 

Marseilles,  492 
copper,electrolytic,at  Oker, 

93 
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Refining  copper,    electrolytic,  pro- 
gress of,  488,  499 
f,       gold  by  electrolysis,  563 
„        lead  by  electrolysis,  595 
„        silver  by  electrolysiiiy  569 
Refiectors,  electrolytic,  468 
Regulating  resistances,  73-78 
Regulating  strength  of  current,  73, 

316 
Remedies  and  antidotes  in  cases  of 

poisoning,  456 

Re-nickeling  American  cheap  goods, 

3«7 
„  German  cheap  goods, 

327 

French  cheap  work,  337 

old  work,  327 

Replacing  comer  dishes,  267 

„        electro-tinned  articles,  268 

,,        old  woric,  259 

„        preparation  of  old  plated 

ware  for,  259 

Resilvering  electro-pUte,  266 

„         old  woit,  259 

Resistances,  regulating,  73-78 

Resistance,  specific,  of  soluiions  of 

copper  sulphate,  653 

Rheostats,  73-78 

Rings,  gilding,  185,  187 

„     NobilPa,  367 

RoUed  Areas  anodes,  475 

„     cobalt  anodes,  360 

nickel,  292 

„      anodes,  337 

„     silver  anodes,  282 

Rollers,  printing,  nickeling,  321 

Rough  sanding,  420 

Roughing,  420 


O  AND  blast  for  cleaning  metal,  279, 

^    635»64a 

Slass  cutters',  420,  440 
d,  420 
Trent,  323.  4«>.  44© 
„      holes,  162, 338 
Sanding,  420 
Sanding,  rough,  420 
Sanitary  work,  Ac.,  nickeling,  3x9 
Satin  finiah  (oxidising),  279 
Sawdust,  boxwood,  195,  275 
Scabbards,  sword,  gilding,  193 

,     nickeUng,323 
Scale,  removal  of,  from  iron  pickling 
vats,  643,  644 
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Scouring  bnuhes,  253 

Silver, 

„        cast-iron  work,  388 

n 

„        tray  for  nickel  work,  309 

„        work    for    nickel-plating, 

0  T  V 

It 

311 

Scntcli-brush,  186, 187 

>• 

„           lathe,  256 

,.           waste,   extraction   of 

•• 

gold  and  silver  from, 

406 

ir 

Scratch-brashes,  256 

„      brushing,  255 

„           „         with  soap  suds,  187 

•* 

n           n         Bpoons  and  forks, 

406 

»t 

„           „         with     stale   beer, 

•> 

.i^ 

>t 

n           If         With  vinegar,  19 

II 

Screws,  binding,  22 

II 

„      Ac,  nickeling,  313 

II 

„      small,  nickeling,  334 

II 

„      wiring,  313,  335 

i> 

Search-light  reflectors,  468 

Sealing-wax,  moulds  of,  in 

•> 

„             solution  of,  155 

yi 

Seals  and  crests,  copying,  104 

•1 

Secondary  batteries,  22-23/ 

Series     arrangement    of    batteries, 

>i 

II 

35 

Series  system   of   copper   refining. 

» 

526 

II 

Sheffield  lime,  323,  439 

•• 

„       plate,  259 

11 

Ship  plate,  267 

II 

Ship's  deck  lamps,  nickeling,  320 

II 

Shop  fronts,  nickeling,  320 

II 

Short  circuit,  34 

If 

Short  circuits,  avoidance  ot,   in   re- 

finery vats.  531 

•• 

Sienna  powder,  393 

Silk  and  cotton,  gilding,  203 

II 

Silver,  227 

*i 

„      anode,  229 

„      anodes,  249 

,,      bullion  refining,  569 

n 

„      brightening  solution,  237 

„      cold  stripping  solution  for, 

It 

409 

„      cost  of  refining,  572,  574 

n 

cyanide  solutions,  229 

depositing,  by  weight,  268 

>i 

„      electro-depositinn  of,  227 

SUver- 

„      filigree  work,  gilding,  192 

„                 „         gilding      solu- 

tion for,  193 

foil  platinising,  442 
gilding  by  simple  immersion, 

172 
and  gold  allojn,  398 
and  gold,  recovery  of,  from 

complex  jewellery  alloys, 

568 
and  gold,  recoveiy  of,  from 

scratch-brush  waste,  406 
and  gold,  recovery  of,  from 

old    stripping     solutions, 

407 
and  gold  work,  to  remove 

soft  solder  from,  4x7 
grain,  237 

imitation  antique,  278 
mounts,  263 
nielled,  281 
oxidised,  277 
oxidising,  277 
pink  tint  upon,  282 
or  plated  work,  burnishing, 

427 
or  plated  work,  polishing,  423 

platinised,  140 

powder,  198 

polishing,  423 

recovery  from  old  cyanide 

solutions,  404 
refining,  569 
solid,  deposits  of,  273 
solution,  350 

„        for  gilding  267 
solutions,  229 

„       preparation  of,  229 
stripping  by  battery.  4x0 

from  iron,  steel,  zinc, 

Ac,  4x0 
from  old-plaied   ar- 
ticles, 260 
solution  for,  409 
thickness  of  electro  depod- 

ted,  273 

and  cadmium  alloy,  deposi- 
tion of,  473 

and  tin  alloy,  deposition  of, 

397 
work,  stripping  i^old  from, 

4x0 
work,  whitening,  375 

plating  bath,  preparation  of 
new  work  for,  241 
battery,  250 
brass,  Ac.  258 
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Silver-plating,  brif^ht,  solation   for, 

236 
„  Britannia  metal,  (frc, 

258 
„  German    silver,  dtc, 

258 
„  pewter,  tin,  Ac.,  258 

„  pewter  solder.  285 

„  plant  in  hotel,  4^5 

„  plant,economicalcon- 

ditions  for.  476 
,,  zinc,  iron,  dtc,  258 

Silvering,  arrangement  of  bath  for, 

249 
„         bath,  preparation  of  new 

work  for.  241 
„         brass  clock  dials,  <bc.,  239 
„         brif;ht  solution  for,  236 

noia^  on,  282 
„         re-preparation      of      old 

plated  ware  for,  259 
„         thermometer,  dec,  scales, 
240 
Silveroid.  399 

single  ceil  process,  deposition  of  cop- 
per by,  99, 100, 
114 
„  ^     depoMtion  of  tin 

by,  342 
Slutc  tanks,  249 
Slinging  wires,  187,  223,  247 

,,  old,  286 

Sludge  nnode,  composition  of,  538, 
564, 566,  569.  604 

„  weight  of,  in  copper 

refineries,  541 
ft  treatment  of,  in  cop- 

per refineries,  541 
tt  gold  and  silver  in  the 

copper     refineries, 

540 
Small  articles,  oxidising,  279 
«>        ••         plating,  307, 46 z 
„    battery  for  gilding,  185 
„    brass  and  copper  articles,  nickel- 

/  »ng.  314 
„    steel  articles,  nickeling,  313 
Smee  battery,  189 
Smelting,  electric,  614 

.,  „        furnace,  620, 623 

SniifF  boxes,  gilding,  173 
Suapsudsi,  scratch-brushing  with,  186, 
187 
„       used  in  burnishing,  427 
Soft  solder,  415 
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Soft  solder,  to  remove  from  gold  and 

silver  work,  417 
Soft  soldering,  415 
Solder,  pewter,  267,  285 
Soldering,  electro,  284 

liquid,  417 

hard,  267,  414 

soft,  415 
Sores,  cyanide,  459 
Specific  resistance  of  copper  solutions. 

653 
metals  and  allo\-^, 

652 

„       gravity  tables,  659,  660 
Spokes,  bicycle^  nickeling,  321 
Spoon     and     fork     plating,     246, 

252 
Spoons  and  forks,  scratch-brushing, 

256 
„  „  stripping,  409 

„      gilding,  173 
Spurs,     bits,     Ac,    nickeling,    316, 

324 
Standard  wire  gauge,  655 
Starting  switches  for  motors,  65 
Statues,  dtc,  copying,  148 
Statuettes,  oxidising,  279 
Steam  heating  table,  134 
Sti^el  anode,  349 

„    articles,  nickeling,  313,  330 

„        „  preparation     of,     foi 

gilding,  195 

„    bronze,  394 

„    burnishers,  426 

„    facing,  348 

„    facing  copper  plates,  445 

„    gilding,  194 

„    iron,  zinc,  &c.,  stripping  sil 
ver  from,  410 

„    polishing,  423 

„    shot  coppering,  162 

„    wire  coppering  for  telegraph 
purposes,  154 
Steeps  or  dips,  295 
Stereotype  metal,  14 

„         plates,  brassing,  390 
Stirrups,  nickeling,  325 
Stopping,  138 

off,  412, 413 

off  compositions,  412,  413 

off  varnishes,  413 
Stove    and    fender   work,  brassing, 
400 
„     fronts,  bronzing,  402 

&c.,  nickeling,  321 
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Strengthening  gold  solutions,  i8z 

„  tinning     baths,    ar- 

rangement for,  343 
Stripping,  22  z 

acid      for      nickel-plated 

articles,  327 
bath  for  silver,  260 

„       nickel,  327 
gold  from  in^idea  cif  plated 

articles,  264 
gold  from  silver,  264 
metals   from   each  other, 

408 
nickel-plated  articles,  327, 

411 
silver  by  battery,  410 
silver  from  iron,  steel,  zinc, 

&c.,  410 
silver  from  old  plated  ar- 
ticles, 260 
solution,  cold,  261 
solution,  cold,for  8ilver,409 
solutions,  408,  409 
solutions,  old,  recovery  of 
gold  and  silver  from,  403 
„        spoons  and  forks,  409 
Sugar  basins,  gilding,  191 

„      bowU,  mugs,  &c.,  old  plated, 
263 
Sulphuring  silver,  280 
Suj$pending  rods,  282,  316 

„      cleining,  284 
,,  umbrella  mounus,  335 

Sword  mounts,  nickeling,  323 


TABF^E  lamps,  Ac,  nickeling,  316 
Tables  of  weights  and  measures, 
658 
Tablw,  u^eful,  651-660 
Tank,  depositing,  289 

for  tin,  343 
. ,     hot  water,  294 
,,     potash,  294 
Tankards,  mugs,  &c.,  gilding,  218 
Tanks,  depositing,  249 
„      iron,  285 

„     nickel-platin?,  314,  316 
„     plating,  gutta-percha  lined, 287 
„      slate,  294 
„      wrought-iron,  249 
Taps,  brass,  nickeling,  213 
Tea  and  coffee  services,  plating,  254, 

262 
Temperatures,  table  of  high,  653 


Thermo-eiectrio  battery,  39-51 
Thermopiles.  39-51 
Thermometer,  dtc.,  scales,  silvering, 
239,  240 
„  scales,     French      and 

Knglish,  654 
Thick  brass  deposits,  386 
Thickness  of  eleotro-deposited  silver 
273 
,,        of  el  ctrotype,  164 
Time-pieces,  gilding,'  195 
Tin  anode,  398 
„    anodes,  343 

,,     Britannia  metal,  Ac,  nickeling 
solution  for,  306 
bronze  powder,  139 
cost  of,  579 

cost  of  old  and  new  scrap,  593 
cost  of  recovery,  584 
cost  of  refining,  578 
„    deposition  of,  339 
„    deposition    of,  by  simple    im 

mersion,  339 
„    deposition    of,   by   single    cell 

process,  342 
,,    electro-deposition  of,  339,  343 
„    iron  contaminated  with,  592 
pewter  and  lead  work,  electro- 
brassing,  389 
powder,  for  electrotyping,  146 
recovery  of,  from  tin  scrap  by 
eUctrolysis,  346,  578 
,,     sheet  anodes,  344 
,,    and  silver  alloy,  de[)Osition  of, 

397 
and  silver,  solution  of,  397 

refining  of,  578 

Tinned   electro    articles,    replating, 

268 

Tinning  and  backing  the  electrotype, 

141 
,,        by  contact  with  zinc,  340 
,,        depositing  tank  for,  343 
,,        electro,  brass  pins,  339 
,,        iron  articles  by  simple  im- 
mersion,   solution      for, 

339 
„        liquid,  141 
„         salt,  431 

simple  solution  for,  340 
solutions  for,  340,  341,  344 
sheet  iron,  346 
Toggle  press  for  electrotype  moulds. 

135 
Tool",  dentists',  «tc.,  nickeling,  3x3 
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Tr»y,  scouring,  309 
Trays,  platinum  wire,  246 
Trent-sand,  323,  440 
Tricycles,  nickeling,  322 


rTMBBELLAmonnts,  ^..nickeling, 

^     314 

CJmbrella  mounts,  suspending,  335 

„       stands,  bronzing,  395 
Units,  electrical,  660 
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TTARNISH,  copal, 413 
»      Varnishes,  stopping-o£F,  4x2 

I.  „       applying, 

Vases,  oxidising,  279 
Vat,  depositing,  289 
VatB,  arrangement  of,  524 

„   cost  of,  504 

„   plating  arrangement  of,  78 

„   size  and  number  of,  528 

„   wooden,  284 
Vegetable  substances,  copying,  128 
Virgin  wax,  103 
Voltmeters,  30,  38 


WALRUS  hide  for  polishing,  420 
Wash  gilding,  210 
Waste,  scratch-brush,  extraction  of 
gold  and  silver  from,  406 
„      solutions,   Ac.,    recoveiy  of 
gold  and  silver  from,  403 
Watch  cases,  gilding,  185 
J,      dials,  gilding,  222 

„     whitening,  275 
„      movements,  continental 

method  of  gilding,  196 
.      parts,    preparation     of,    for 
gilding,  196 
Water  of  Ayr  stone,  265 
Wax,  bees',  103,  394 
„     gilder's,  215,  216 
„     moulds  from   plaster  medal- 
lions, 114 
Weights  and  measures,  table  of,  658 
Wet  colouring,  207 

„  French,  209 

.,  London  process,  209 

»r  procesBi  ao9 
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Whitening  articles  by  tinning,  339 
„  articles,  188 

„  articles  by  simple  immer- 

sion, 238 
„         brass  clock  dials,  240 
„         coffin  nails,  238 

electro  -  plated    articles, 

275 
galvanometer  scales,  139, 

240 
hooks,  eyes,  buttons,  Ac., 

238 
silver  work,  275 
solution,  34D 
,,  watch  dLUs,  275 

Wire,  copper,  for  slinging,  187 
„    gauze,  nickeling,  329 
„    gauges,  655 

„    iron,  method  of  tinning,  342 
„    conducting,  314 
„    guiding,  121 
„    old,  slinging,  286 
Wiring  screws,  335 

„        spoons  and  forks,  247 
Wood   engravings,  Ac,  electrotjp- 

ing.  Z44 
Wooden  vats,  284 
Wrought  iron  tanks,  249 

„  work,  electro-braasing, 

388 
„  preparing  for  zincing, 

354 


XTELLOW  ormonlu,  215 
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amalgamating,  19,  100 
anode,  353 

articles,  electro  gilding,  200 
bath  for  tinning,  340 
castings,  preparation  of,  for 

gilding,  200 
cost  of,  649 
dust,  638,  649 
electrolytic  treatment  of,  353, 

631 
filings,  403 
gilding     by    contact    with, 

172 
and    iron,  electro-dqiositioii 

of,  348 
iron,  dc,  plating  with  silver, 
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iron  and  steel,  stripping  silver 

from,  410 
metallic  cost  of,  649 
milled,  353 
plates,  250 
powder  or  dust,  638 
price  of,  649.  650 
protective  effect  of, on  iron,633 
sponge,  649 
tinning  by  simple  immersion, 

340 
work,  electro-brassed,  French 
method  of  bronzing,  394 
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Zinc,  work,  electro-brassing,  388 

„     worlc,  pickling,  388 
Zincing,  preparing  cast  iron  work 

for,  354 
„         wrought      iron 
work  for,  354 
solutions,  354 
iron  surfaces,  631-650 

cost  of  electro, 
638-640 

advantages  of 
electro-,  640 
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MECHANICAL    ENGINEERING,   &c. 


THE    MECHANICAL   ENQINEER'5    POCKET-BOOK. 

G^mprising  Tables,  Fonnuke,  Rules,  and  Data :  A  Handy  Book  of  Referent  e 
for  Daily  iJse  in  Engineering  Practice.  By  D.  Kinnbar  Clark,  M.  Inst.  C.E., 
Fourth  Edition.  Small  8vo,  700pp.,  bound  in  flexible  Leather  Cover,  rounded 
comers  6/0 

SUMMARY  OP  CONTBNTS:— Mathematical  Tables.— mbasurbmbnt  of  Sur- 
faces AND  Solids.— English  and  Foreign  weights  and  measures.— moneys.— 
Specific  Gravity,  weight,  and  Volume.— Manufactured  Metals.— Steel  Pipes. 
—  Bolts  and  Nuts.— Sundry  articles  in  Wrought  and  Cast  iron.  Copper. 
Brass,  Lead,  Tin,  Zinc.— strength  op  Timber.— Strength  op  Cast  Iron.— 
strength  of  wrought  iron.— strength  of  steel.- tensile  strength  of 
Copper,  lead,  &c.— Resistance  of  Stones  and  other  Building  Materials.— 
Riveted  Joints  in  Boiler  plates.— Boiler  Shells.— Wire  Ropes  and  Hemp 
Ropes.— CHAINS  and  chain  Cablbs.—Framing.— hardness  of  Metals.  Alloys,  and 
Stones.— Labour  of  animals.— Mechanical  Principles.— Gravity  and  Fall  of 
Bodies.- ACCELERATING  and  retarding  Forces.— mill  Gearing,  shafting,  &c.— 
Transmission  of  motive  power.— Heat.— Combustion:  Fuels.— warming,  venti- 
lation. Cooking  stoves.— Steam.— Steam  engines  and  Boilers.— Railways.— 
Tramways.— STEAM  ships.— pumping  Steam  engines  and  Pumps.— Coal  Gas,  Gas 
Engines.  &c.— air  in  motion.— Compressed  air.— Hot  air  Engines.- water 
power.— SPEED  OF  Cutting  tools.— Colours.— electrical  engineering. 

**  Mr.  Clark  manifests  what  te  an  innate  peicepdoo  of  what  b  likely  to  be  naoAil  in  a  pocket- 
book,  and  he  Is  naily  unrivalled  tn  the  art  of  condensation.  It  is  very  difficult  to  hit  upon  any 
m,^Kff«<r-ai  engineering  vibject  concenilng  which  this  work  wpplies  no  information,  and  the 
exccOent  index  at  the  end  adds  to  its  utility.  In  one  word,  it  is  an  exceedingiy  handy  and  efficient 
tool,  possessed  of  which  the  engineer  will  be  saved  many  a  wearisome  calculation,  or  yet  more 
wearisome  hunt  through  varloiis  text-books  and  tieatiiei,  and,  as  such,  we  can  heartily  rsrommend 
It  to  our  readers."— 7M#£«ytfM«(r. 

"  It  would  be  found  difficult  to  compcesB  more  matter  within  a  similar  compass,  or  produce  a 
book  of  650  pages  which  should  be  mose  compact  or  convenient  for  pocket  fefotcnce.  .  .  .  Will 
be  apprectatedby  mechankal  engiaeeis  of  all  rlamcT  ""PruOiem/  liHcineer. 

L.  A 
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MR.   HUTTON'8    PRACTICAL    HANDBOOKS 


THB    WORKS'  MANAQER'5    HANDBOOK. 

Comprising  Modern  Rules.  Tables,  and  Data.  For  Engineers,  Millwrigbts. 
and  Boiler  Makers ;  Tool  Makers,  Machinists,  and  Metid  Workers ;  Iron  ana 
Brass  Founders,  &c.  By  W.  S.  Button,  Civil  and  Mechanical  Rngineer, 
Author  of  "The  Practical  Engineer's  Handbook."  Sixth  Edition,  carefully 
Revised,  with  Additions.  In  One  handsome  Volume,  medium  8vo,  strongly 
bound.  [/«j/  Published.    1 6/6 

B^^  Th9  Author  having  compiUd  Rules  and  Data /or  his  own  use  in  a  grmi 
variety  of  modem  engineering  work,  and  having  found  his  notes  extremely  useful, 
decided  to  publish  them — revised  to  date— believing  that  a  practical  work,  suited  to 
the  DAILY  RKQUiRBMBNTS  OP  MODERN  BNGiNRBRS,  would  be  favourobly  received. 

"Of  thb  edition  we  nuiy  repeat  the  arorecfaitive  remarks  we  made  upon  the  first  and  third 
Since  the  appearance  of  the  latter  Terr  constderable  modifications  have  been  made,  although  the 
total  number  of  pages  remains  almost  the  same.    It  is  a  very  useful  collection  of  rules,  tables,  and 
workshop  and  drawing  office  data."— TAf  Enginetr,  Mav  to,  189c. 

"  The  author  treats  every  subject  from  the  point  of  view  of  one  who  has  collected  wockibop 
notes  for  application  in  woriohop  practice,  rather  than  fhMn  the  theoretical  or  literary  aspect.  Tba 
volume  contains  a  great  deal  of  that  kind  of  information  which  is  gained  only  by  practical  experienoe, 
and  is  seldom  written  in  books."— 7'A<  Engineer,  June  5,  1885. 

"  The  volume  is  an  exceedingly  useful  one,  brimful  with  engineer's  notes,  memoranda,  and 
rules,  and  well  worthy  of  being  on  every  mechanical  engineer's  hooksb^."— Mechanic^  IVvrid. 

"  The  information  is  precisely  that  likely  to  be  required  in  practice.  .  .  .  The  wosk  forms 
a  desirable  addition  to  the  iibraiy  not  only  of  the  works'  manager,  but  of  any  one  connected  wkh 
general  engineering."— Af /mi m^  JoumaL 

"  Brimful  of  useful  information,  stated  in  a  concise  form,  Mr.  Huttoo's  books  have  met  a 
preising  #ant  among  engineers.  The  book  must  prove  extremdy  useful  to  every  practical  maa 
poasearing  a  copy."— Praettcai  Engineer. 

THB    PRACTICAL   ENOINEBR'S    HANDBOOK. 

Comprising  a  Treatise  on  Modem  Engines  and  Boilers,  Marine,  Locomodvc. 
and  Stationary.  And  containing  a  lar^e  collection  of  Rules^  and  PracticaJ 
Data  relating  to  Recent  Practice  in  Designing  and  Constructing  all  kinds  ci 
Engines,  Bouers,  and  other  Engineering  work.  The  whole  constiiuting  a  com- 
prehensive Key  to  the  Board  of  Trade  and  other  Examinations  for  Certificates 
of  Competency  in  Modem  Mechanical  Engineering.  By  Walter  S.  HtXTTON, 
Civil  and  Mechanical  Engineer,  Author  of  "The  Works' Manager's  Handbook 
for  Engineers,"  &c.  With  upwards  of  370  Illustrations.  Fifth  EUtitioa, 
Revised  with  Additions.     Medium  8vo,  nearly  500  pp.,  strongly  bound. 

[Just  Published.    18/0 

0^-  This  Work  is  desifmed  as  a  companion  to  the  Author's  "Works' 
Manager's  Handbook."  It  possesses  many  new  and  original  features,  and  con- 
tains,  like  its  predecessor,  a  quantity  of  matter  not  originally  intended  for  publication 
but  collected  by  the  Author  for  hu  own  uu  in  the  construction  of  a  great  variety  of 
Modern  Engineering  Work. 

The  information  is  given  in  a  condensed  and  concise  form,  and  is  illustrated  by 
upwards  of  370  Woodcuts ;  and  comprises  a  quantity  of  tabulated  matter  of  great 
value  to  all  engaged  in  designing,  constructing,  or  estimating  for  Enginbs,  Boilxes, 
ow/ other  Engineering  Work. 

"  We  have  kept  it  at  hand^br  several  weeks,  referrteg  to  it  as  occasion  arose,  and  we  have  not 
on  a  single  occasion  consulted  its  pages  without  finding  the  information  ef  which  we  were  la  quasL" 
"Atheturunt, 

"  A  thoroughly  good  practical  handbook,  which  no  engineer  can  go  through  without  leinihn 
something  that  wtll  be  of  service  to  him." — Marine  Engineer. 

"  An  exceDent  book  of  reference  for  engineers,  and  a  valuable  test-book  fbr  stttdants  of 
engineering. " — Scotsman . 

"Thb  valuable  manual  embodies  the  results  and  experience  of  the  leading  authorUas  oa 
mechanical  engineering."— ifn^/tfifc^  News. 

"  The  author  has  collected  together  a  surprising  quandty  of  rules  and  practical  data,  and  has 
shown  much  Judgment  in  the  selections  he  has  made.    .    .    .    There  is  no  doubt  that  this  book  Is 


one  of  the  most  useful  of  its  land  published,  and  will  be  a  very  popular  compendium."— g»ytwrr. 

"  A  mass  of  information  set  down  in  simi^  language,  and  In  such  a  form  that  it  can  be  easlv 
referred  to  at  any  time.  The  matter  is  uniformly  good  and  well  chosen,  ^d  is  greatly  ducidated 
by  the  illustrations.  The  book  will  find  its  way  00  to  most  engineers'  shelves,  where  It  will 
one  of  the  most  useful  books  of  reference."— ^^cMra/  Engineer. 

"  Fun  i3i  useful  Information,  and  shouM  be  found  on  the  office  shelf  of  aB  practical 
—English  Mechanic. 
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MR.   HUTTON  8    PRACTICAL  HANDBOOKS-^ofrffcw^l. 


5TEAM   BOILER  CONSTRUCTION. 

A  Practical  Handbook  for  Engineers,  BoiIer*Makers,  and  Steam  Usera. 
Containing  a  large  Collection  of  Rules  and  Data  relating  to  Recent  Practice 
in  the  Design,  Construction,  and  Working  of  all  Kinds  of  Stationary,  Loco- 
motive,  and  Marine  Steam- Boilers.  By  Walter  S.  Hutton,  Civil  and 
Mechanical  Engineer,  Author  of  "The  Works'  Manager's  Handbook,"  "The 
Practical  Engineer's  Handbook."  &c.  With  upwards  of  500  Illustrations. 
Third  Edition,  Revised  and  mucn  Enlarged,  medium  8vo,  cloth  .  1 8/0 

101^^  This  Work  is  issutd  in  cotUinuoHon  of  ths  Strits  of  Handbooks  writUn 

Sf  th$  Author, vis. ; — "Thb  Works'  Manager's  Handbook  "  and  "  The  Practical 
ncinber's  Handbook,"  which  art  so  highly  apprtciattd  by  enginssrs  for  thg 
practical  naiurs  of  thsir  information ;  and  is  constqutntly  writUn  in  ths  sams  styls 
as  thou  works. 

Ths  Author  bslisvss  that  ths  concsntration^  in  a  convsnitnt  form  for  sasy 
rsfsrastcSt  of  such  a  lares  amount  of  thoroughly  practical  in/ormatum  on  Stsam- 
BoiUrs,  pfiU  bs  of  considsrabls  ssrvics  to  thoss  for  whom  it  is  tntended^  and  hs  trusts 
ths  book  may  bs  dssmsd  worthy  of  as  favourath  a  rsception  as  has  besn  accordsd  to 
its  prsdscsssors. 

**  One  of  the  best.  If  not  the  best,  books  on  boQers  that  has  ever  been  published.  The  Infor- 
matloa  Is  of  the  ii£ht  kind,  in  a  sample  and  accessible  fonn.  So  far  as  sfeneration  is  concerned,  this 
Is,  undoubtedly,  the  standard  book  on  steam  practice."— /t/«r/r»ra/  Reinew. 

'*  Erety  detail,  both  in  boiler  design  and  management,  is  clearlv  laid  before  the  reader.  The 
volune  shows  that  boiler  construction  has  been  reduced  to  the  condition  of  one  of  the  most  exact 
tctonces ;  and  such  a  book  is  of  the  utmost  value  to  theyf  1*  de  stMe  Engineer  and  Works  Manager." 
—Maritu  Eriginetr. 

"  There  has  long  been  room  for  a  modern  handbook  on  steam  boilers ;  there  is  not  that  room 
DOW,  because  Mr.  Hutton  has  fiUed  it.  It  is  a  thoroughly  practical  book  for  those  who  are  occupied 
in  the  coostructkm,  design,  selection,  or  use  of  boilers."— £'Mi^'fMrr. 

"  The  book  te  of  so  important  and  comprehensive  a  character  that  it  must  find  its  way  into  the 
Hbvaries  of  every  one  interested  in  boiler  using  or  boiler  manufacture  if  they  wish  to  be  thoroughly 
iBformed.  We  strongly  recommend  the  book  for  the  intrinsic  value  of  its  contents."— MscAcM^fj' 
MmrAtL 

PRACTICAL  MECHANICS'    WORKSHOP   COMPANION. 

Comprising  a  great  variety  of  the  most  useful  Rules  and  Formulae  in  Mechanical 
Science,  with  numerous  l/ables  of  Practical  Data  and  Calculated  Results  for 
Facilitating  Mechanical  Operations.  By  William  Tkmplston,  Author  of 
"  The  Engmeer's  Practical  Assistant,"  &c,  &c  Eighteenth  Edition.  Revised, 
Modernised,  and  considerably  Enlarged  by  Walter  S.  Hutton,  C.E.,  Authot 
of  "The  Works'  Manager's  Handbook,'^  "The  Practical  Engineer's  Hand- 
book," &c  Fcap.  8vo,  nearly  500  pp.,  with  8  Plates  and  upwards  of  350  Illus- 
trative  Diagrams,  strongly  bound  for  workshop  or  pocket  wear  and  tear .    Q/Q 

"  In  Its  modernised  form  Button's  '  Templeton  *  should  have  a  wide  sale,  for  it  contains  much 
vehisbie  inikmnation  which  the  mechanic  will  often  find  of  use,  and  not  a  few  tables  and  notes  which 
he  nigfat  look  for  in  vain  in  other  works.  This  modernised  edition  will  be  appreciated  by  all  who 
hMf  leained  to  value  the  original  editions  of  *  Templeton.'  "^English  MeehaHtc. 

"  It  has  met  with  great  success  in  the  engineering  workshop,  as  we  can  testify ;  and  there  ai« 
agieat  many  men  who,  In  a  great  measure,  owe  thew  rise  in  lue  to  this  little  \>oo!k.''—Buiiding 

"TUs  tenlliar  text-book— well  known  to  all  mechanics  and  engineers  ts  of  essential  service 
to  the  everyKlav  requirements  of  engineers,  miUwrubts,  and  the  various  trades  connected  with 
eoglneeiing  and  building.  The  new  modernised  emtlon  b  worth  Its  weight  in  gold."— ^w«/rf£N|r 
News.    (Second  Notice.) 

"  This  well'known  and  largely-used  book'  contains  information,  brought  up  to  date,  of  the 
Mtt  so  useful  to  the  foreman  and  draughtsman.  So  much  fresh  information  has  been  introduced  as 
10  constitute  it  practicaDy  a  new  booL  It  will  be  largely  used  in  the  ofiice  and  workshop."— 
Muhmni€mt  tVorid. 

"The  publishers  wisely  entrusted  the  task  of  revision  of  this  piopular,  valuable,  and  useful 
book  to  Mr.  Hutton,  than  whom  a  more  competent  man  they  could  not  have  found."— /tm*. 


BNQINEER'5   AND  MILLWRIQHT'5  A55I5TANT. 

A  Collection  of  Useful  Tables,  Rules,  and  Data.    By  William  Templeton. 
Eighth  Edition,  with  Additions.     xSmo,  cloth 2/6 

"Occupies  a  foremost  place  among  books  of  this  kind.      A  more  suitable  present  to  an 
^ipientice  to  any  of  the  mechanical  trades  could  not  possibly  be  m»de,'—BuiIdiM£  News. 

A  deservedly  popular  work.    It  should  be  in  the  '  arawer '  of  every  mechanic."— fnif/irA 
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CROSBY  LOCK  WOOD  S-  SOK'S  CATALOGUE. 


THE  MECHANICAL  ENOINEBR'5  REFERENCE  BOOK. 

For  Machine  and  Boiler  Construction.  In  Two  Parts.  Part  I.  Gbmbsal 
Enginebring  Data.  Part  II.  Boiler  Construction.  With  51  Plates  and 
numerous  Illustrations.  By  Nelson  Foley,  M.I.N. A.  Second  JCdidon, 
Revised  throughout  and  much  Enlarged.    Folio,  half-hound,  net    . 


PART   I.— MBASURES.— CiRCUMPBRBNCES    AND    AREAS.     &C..     SQUARES.     CUBBS, 

Fourth  powers.— square  and  cube  Roots.— surface  of  Tubes.— Reciprocals.— 
LOGARITHMS.  —  Mensuration.— Specific  Gravities  and  Weights.- Work  amd 
Power. —  Hrat.— Combustion.— Expansion  and  Contraction.— Expansion  of 
Gases.— Stram.— Static  Forces.— Gravitation  and  attraction.— motion  and 
Computation  of  Resulting  Forces.— Accumulated  work.— Centre  and  Radius 
of  Gyration.- Mombnt  of  Inertia.— Centre  of  Oscillation.— Electricity.— 
strength  of  materials.— elasticity.— test  sheets  of  metals.- frictfon.— 
Transmission  of  power.— Flow  of  Liquids.— Flow  of  Gases.— Air  Pumps,  Surface 
condensbrs,  &c.— speed  of  steamships.— propellers.— cutting  tools.— flamg8&. 
—copper  Sheets  and  Tubbs.— Screws,  Nuts,  Bolt  Heads,  ftc.— Various  Rectpbs 
AND  Miscellaneous  Matter.— with  DIAGRAMS  for  Valvb-Gear,  Belting  and 
Ropes,  discharcb  and  suction  Pipes,  Screw  propellers,  and  Copper  Pipes. 

part   II.— Treating  of  power  of  Boilers.— Useful   Ratios.— Notes  cm 
Construction.  —  cylindrical    Boiler    Shells.  —  Circular    furnaces.  —  Flat 

puites stays.  —  girders.— screws.  —  hydraulic     tests.  —  riveting.  —  boiuul 

Setting,  Chimneys,  and  Mountings.— Fuels.  &c.— Examples  of  Boilers  and  Speeds 
OP  Steamships.— Nominal  and  Normal  Horse  power.— With  DIAGRAMS  for  all 
Boiler  Calculations  and  Drawings  of  many  Varieties  of  Boilers. 


"  Mr.  Foley  is  weD  fitted  to  compOe  sach  a  work.  .  .  .  The  dUgnms  are  a  mat 
of  the  work.  .  .  .  Regardinr  the  whole  work,  it  may  be  vety  fkiriy  stated  that  Mr.  Foley  has 
produced  a  rolume  which  will  undoubtedly  fulfil  the  desire  of  the  author  and  become  Inftiipiinwliki 
to  all  mechanical  engineers."- iVarffM  EngiMttr. 

"  We  have  carefuDy  examined  this  work,  and  pronounce  it  a  most  excdlent  lefcwace  book 
for  the  use  of  marine  engineen."- ^w^m'  ^Ameriemn  Society  ^Navai  Bnginnrs. 

COAL   AND    SPEED   TABLES. 

A  Pocket  Book  for  Engineers  and  Steam  Users.    By  Nelson  Foley,  Author 
of  "  The  Mechanical  Engineer's  Reference  Book."    Pocket-sise,  cloth  .    8/0 

TEXT-BOOK   ON   THE  STEAM   ENGINE. 

With  a  Supplement  on  Gas  Engines,  and  Part  II.  on  Heat  Engines. 
T.  M.  GooDBVB,  M.A.,  Barrister-at-Law,  Professor  of  Mechanics  au  the  Re 
College  of  Science,  London  ;  Author  of  "  The  Principles  of  Mechanics,**  " ' 
Elements  of  Mechanism,  "&c  Fourteenth  Edition.  Crown  8vo,  cloth  .  0/0 
"  Professor  Goodeve  has  giren  us  a  treatise  on  the  steam  engine  which  win  bear  oonpexisaa 
with  anything  written  by  Huxley  or  MaxweD.  and  we  can  award  it  no  liigher  praise."— ffv^Mwr. 

ON   QAS    ENGINES. 

With  Appendix  describing  a  Recent  Enpne  with  Tube  Igniter.    By  T.  M. 

GooDEVB,  M.A.    Crown  8vo,  cloth 2/6 

"  Like  an  Mr.  Goodeve's  writings,  the  present  is  no  exception  In  point  of  general  escdanefc 
It  Is  a  valuable  Uttle  Tolume.**— iftcAowtca/  Wartd, 

THE    QAS-ENQINE    HANDBOOK. 

A  Manual  of  Useful  Information  for  the  Designer  and  the  Engineer.   By  £.  W. 
Roberts,  M.E.   With  Forty  Full-page  Engravings.  Small  Fcap.  8vo,  leather. 

\}ust  Published.    Set  8/6 

A  TREATISE   ON   5TEAM   BOILERS. 

Their  Strength,  Construcdon,  and  Ecbnomical  Working.    By  R.  Wilson,  CE. 

Fiflh  Edition,     ismo,  cloth 6/0 

"  The  best  treatise  that  has  ever  been  published  on  steam  hoOts%."'—Enf{tuer. 
"The  author  shows  himself  perfect  master  of  his  subject,  and  we  heartihr  recomnend  al 
employing  steam  power  to  pocsesa  themselves  of  the  wotk."—RyUiturs  Iron  Trade  CiraUar. 


THE  MECHANICAL  ENGINEER'S  COMPANION 

of  Areas,  Circumferences,  Decimal  Equivalents,  in  inches  and  feet,  miliimetres, 
squares,  cubes,  roots,  &c. ;  Weights,  Meastves,  and  other  Data.  Also  Prac- 
tical Rules  for  Modem  Engine  Proportions.  By  R.  Edwards.  M.Inst. CE. 
Fcap.  8vo,  cloth.  (/«*/  PmtliskuL    8/6 

"  A  very  useful  little  volume.    It  contains  many  tables,  clawified  data  and  memoianda, 
ifvnerally  useful  to  enfpxkt»ts,"—EHx inter. 

••  Whnt  it  professes  to  be,  '  a  handy  office  companion,' giving  In  a  succinct  form,  a  variety  of 
iiifonuatton  likely  to  lie  required  by  engmeeis  In  their  everyday  office  worii."-^«<lHrT. 


MECHANICAL   ENGINEERING,   M. 


A    HANDBOOK   ON   THE   5TEAM   ENOINB. 

With  especial  Reference  to  Small  and  Mediuin«siied  Engines.  For  the  Use  of 
Engine  Makers,  Mechanical  Draughtsmen,  Engineering  Students,  and  users 
of  Steiun  Power.  By  Herman  Habder,  C.E.  Translated  from  the  German 
with  considerable  additions  and  alterations,  by  H.  H.  P.  Powles,  A.M.I.C.E., 
M.I.M.K  Second  Edition,  Revised.  With  nearly  i,ioo  Illustrations. 
Crown  8vo,  cloth 9/0 

"  A  peffect  ancydopaedia  of  the  steam -«n|rine  and  its  details,  and  one  which  must  taice  a  per- 
manant  place  in  Enfflisb  (srawine-offices  and  workshops."—^  F^nman  Pattern-maker. 

"  Thb  is  an  excellent  booic,  and  should  be  in  the  hands  of  all  who  ate  interested  in  the  con> 
itfuctloa  and  design  of  medium-sized  stationary  engines.  ...  A  careful  study  of  its  contents  and 
tlie  amngement  of  the  sections  leads  to  the  conclusion  that  thete  is  probably  no  other  book  like  It 
In  thb  country.  The  volume  aims  at  showing  the  results  of  practical  ezpenence,  and  it  certainly 
may  claim  a  complete  achievement  of  this  idea." — Naturt. 

**  There  can  be  no  question  as  to  its  value.    We  cordially  commend  it  to  all  concerned  in  the 

I  and  construction  oi  the  steam  engine."— ATcfAaMMs/  iVorUL 


BOILER   AND    FACTORY   CHIMNEY5. 

Their  Draught-Power  and  Stability.  With  a  chapter  on  Lighltnvng  Conthutort, 
By  Robert  Wilson,  A.I.C.E.,  Author  of  "A  Treatise  on  Steam  Boilers,"  &c. 

Crown  8vo,  cloth 3/6 

**  A  valuable  contribution  to  the  literature  of  scientific  building."— r%«  Buitdtr. 

BOILER  MAKER'5  READY  RECKONER  &  A5515TANT* 

With  Examples  of  Practical  Geometry  and  Templating,  for  the  Use  of  Platers, 
Smiths,  ana  Riveters.      By  John  Courtney,   Edited    by  D.    K.  Clark, 
M.I.CE.    Third  Edition,  480  pp.,  with  140  Illustrations.    Fcap.  8vo    .     7/0 
"  No  workman  or  apprentice  should  be  without  this  book."— /tmi  Trade  Circuiar. 

REFRIQERATINQ    &    ICE-MAKINQ    MACHINERY. 

A  Descriptive  Treatise  for  the  Use  of  Persons  Employing  Refrigerating 
and  Ice-Making  Installations,  and  others.  By  A.  J.  Wallis-Tavlbr, 
A.-M.  Inst.  C.E.  Second  Edition,  Revised  and  Enlargeti.  With  Illustrations. 
Crown  Svo,  cloth.  [Just  Publisfud.    7 IS 

"Practical,  explicit,  and  profusely  l)l\MTat9±"—Gtas£vw  Herald. 

"  We  recommend  the  book,  whicn  gives  the  cost  of  various  systems  and  illustrations  showing 
details  of  ports  of  machinery  and  general  arrangements  of  complete  installations."— ^wiMrr. 

"  May  be  recommended  as  a  useful  description  of  the  machinery,  the  processes,  and  of  the 
tecta,  figures,  and  tabulated  physics  of  refrigerating.  It  is  one  of  the  best  compilations  on  tie 
vMj/KX^—EngiMter. 

TEA  MACHINERY  AND  TEA  FACTORIES. 

A  Descriptive  Treatise  on  the  Mechanical  Appliances  required  in  the  Cultiva- 
tion of  the  Tea  Plant  and  the  Preparation  of  Tea  for  the  Market.  By  A.  J. 
Wallis-Tavler,  A.-M.  Inst.  C.E.  Medium  Svo,  468  pp.  With  aiS 
Illustrations.  \Just  Publixhed.    Net  25/0 

SrMMARY  OF  Contents  :— Mechanical  Cultivation  or  Tillage  of  the 
Soil.— Plucking  or  Gathering  the  Leaf.— Tea  Factorifs.— The  dressing. 
Manufacture  or  Prkfaration  of  Tea  by  Mechanical  Means. —  artificial 
Withering  of  the  Leaf.— Machines  for  Rollin<;  or  curling  the  Leaf.— Per- 
menting  Proci-ss.— Machines  for  tub  automatic  drying  or  Firing  of  the 
Leaf.— Machinks  for  Non-Automatic  Drying  or  Firing  of  the  Leaf.— Drying 
OR  Firing  Machines.— breaking  or  Cutting,  and  Sorting  Machines.— Packing 
THE  Tea.— Means  of  Transport  on  Tea  Plantations.— Miscellaneous  Machinery 
and  Apparatus.- Final  Treatment  of  the  Tea.— Tables  and  Memoranda. 

"  The  subject  of  tea  machinery  is  now  one  of  the  first  interest  to  a  Inri^e  class  of  people,  to 
whom  we  strongly  commend  the  volume." — Chamber  0/ Coinmera  ycumal. 

"  When  tea  planting  was  fir*t  introduccil  into  the  Britisli  po&bcssions  little,  if  any,  machinery 
wa4  employed,  but  now  its  use  is  almost  univcntal.  This  volume  contains  a  very  full  accobnt  of  the 
machinery  n«^es<sary  for  the  proper  outfit  of  a  factory,  and  also  a  description  ot  the  processes  best 
carried  out  by  tliis  machinery."— y^Mrwa/  Society^ Arts. 

BNOINEERINQ  E5TIMATE5,  C05T5,  AND  ACCOUNTS. 

A  Guide  to  Commercial  Engineering.  With  numerous  examples  of  Elstimates 
and  Costs  of  Millwright  Work,  Miscellaneous  Productions,  Steam  Engines  and 
Steam  Boilers;  and  a  Section  on  the  Preparation  of  Costs  Accounts.  By 
A  Gbnbral  Manager.  Second  Edition.  Svo,  cloth.  XJust  Publisfud.    12/0 

"  This  is  an  excellent  and  very  useful  book,  covering  subject-matter  in  constant  re<^uisitioii  la 
owy  factory  and  workshop.  .  .  .  The  book  is  invaluable,  not  only  to  the  young  engmeer,  but 
also  to  the  estimate  departnient  of  everv  works."— ^wiAlfr. 

"  We  accord  the  work  unqualified  praise.    The  Information  Is  given  In  a  plaia,  stndghtlorwafld 


iqualified  praise.    The  Information  Is  given  In  a  plaia,  straightlorwafld 
:  evidence  of  the  Intimate  jpracti< 
•veiy  phase  of  commerdil  engineering.  •^Mtekan^nl  ffltrld. 


t,  and  bears  thiougtwnt  evidence  of  the  intimate  practical  acqnaintamre  of  the  author  with 


CROSBY  LOCKWOOD   6*  SON*S   CATALOGUE. 


AERIAL  OR  WIRE-ROPB  TRAMWAYS. 

Their  Construction  and  Management.  ByA.J.WALLis-TAVLBKf  A.M.Inst.CE. 

With  8i  Illustrations.    Crown  8vo,  cloth.  [Just  Puilisked.    7/6 

"This  is  in  its  way  an  excellent  volume.    Without  eoin^  into  the  minutiae  of  the  subtect.  il 

yet  lays  before  its  readers  a  very  fTood  exposition  of  the  vajious  systems  of  rope  transmissbiQ  m  use. 

and  pves  as  well  not  a  little  valuable  inrormation  about  their  worldngr,  rerair,  and  managoneat- 

We  can  safely  recommend  it  as  a  useful  general  treatise  on  the  subject."— 7*A/  Engineer, 

"  Mr.  Tayler  has  treated  the  subject  as  concisely  as  thoroughness  would  permit.  The  book 
will  rank  with  the  best  on  this  useful  topic,  and  we  recommend  it  to  those  whose  busbies  Is  the 
transporting  of  minerals  and  goods." — Minify  youmaL 

MOTOR  CARS  OR  POWER-CARRIAGES  FOR  COMMON 

ROAD5. 

By  A.  J.  Wallis-Tayler,  Assoc.  Memh.  Inst.  C.E.,  Author  of  "Modem 
Cycles,    &c     912  pp.,  with  76  Illustrations.    Crown  8vo,  cloth     .        .    4/6 

"Mr.  Wallis-Tayler's  book  is  a  welcome  addition  to  the  literature  of  the  subject,  as  it  is  the 
production  of  an  Engineer,  and  has  not  been  written  with  a  view  to  assist  in  the  pramotion  of 
companies.  .  .  .  The  book  is  clearly  expressed  throughout,  and  is  Just  the  sort  of  work  that 
an  engineer,  thinking  of  turning  his  attention  to  motor.carr{age  work,  would  do  well  to  read  as  a 
preliimnary  to  surting  operations."— /rfv^'tf^'^r- 

PLATING    AND   BOILER  MAKING. 

A  Practical  Handbook  for  Workshop  Operations.  By  Joseph  G.  Hormeb, 
A.M.I. M.E.    380  pp.  with  338  Illustrations.    Crown  8vo,  cloth     .        .    T/6 

"  The  latest  production  from  the  pen  of  this  writer  is  characterised  by  that  evidence  of 
acquaintance  with  worlcshop  methods  which  will  render  the  book  exceedingly  acceptable  to 
practical  hand.    We  have  no  hesitation  in  conunending  the  work  as  a  serviceable  and  prac 
liandbook  on  a  subject  which  has  not  hitherto  received  much  attention  from  those  qualifiea  to 
with  it  in  a  satisfactory  naBaet.''—Mechanieal  World. 

PATTERN    MAKING. 

A  Practical  Treatise,  embracing  the  Main  Types  of  Engineerine  Construcdoa, 
and  including  Gearing,  both  Hand  and  Machine-made,  Engine  Work,  Sheaves 
and  Pulleys,  Pipes  and  Columns,  Screws,  Machine  Parts,  Pumps  axid  Cocks, 
the  Moulding  of  Patterns  in  Loam  and  Greensand,  &c.,  together  with  the 
methods  of  estimating  the  weight  of  Castings ;  with  an  Appendix  of  Tables  for 
Worktop  Reference.  By  Joseph  G.  Horner,  A.M.I.M.E.  Second  Edition, 
Enlarged.     With  450  Illustrations.    Crown  8vo,  cloth    ....     7/6 

"  A  well-written  technical  guide,  evidently  written  by  a  man  who  understands  and  has  pnc> 
tlsed  what  he  has  written  about.  .  .  .  We  coraiaDy  recommend  it  to  engineering  students,  joaaag 
Journeymen,  and  others  desirous  of  being  initiated  into  the  mysteries  of  pattern-making.**— AmUir. 

"  An  excellent  vade  mecum  for  the  apprentice  who  desires  to  become  master  of  bis  trade." 
—English  Mechanic. 

MECHANICAL   ENGINEERING   TERMS 

(Lockwood's  Dictionary  of).  Embracing  those  current  in  the  Drawing  Oflioe, 
Pattern  Shop,  Foundry,  Fitting,  Turning,  Smiths',  and  Boiler  Shops,  &c.,  ftc 
Comprising  upwards  of  6,000  Definitions.  Edited  by  Joseph  G.  Hornkr, 
A.M.  I. M.E.    Second  Edition,  Revised,  with  Additions.    Crown  8vo, cloth    T/6 

"  Just  the  sort  of  handy  dictionary  required  by  the  various  trades  en(pffed  in  mechanical  eo* 
sineering.  The  practical  engineering  pupil  will  find  the  book  of  great  value  m  Lis  ttudies,  and  evaiy 
Kweman  engineer  and  mechanic  shoula  have  a  copy."— BuiUing  News. 

TOOTHED   GEARING. 

A  Practical  Handbook  for  Offices  and  Workshops.  By  Joseph  Horner, 
A. M.I. M.E.     With  184  Illustrations.    Crown  8vo,  cloth         .  .    6/0 


"  We  must  give  the  book  our  unqualified  praise  for  its  thoroughness  of  treatment,  and  w 
heartily  recommend  it  to  all  interested  as  the  most  practical  book  on  the  subject  yet  written."—' 
Mechanical  World. 

FIRE  PROTECTION. 

A  Complete  Manual  of  the  Organisation,  Machinery,  Discipline  and  General 
W^orking  of  the  Fire  Brigade  ofLondon.  By  Captain  Evre  M.  Shaw,  C.B., 
Chief  Omcer,  Metropolitan  Fire  Brigade  Kew  and  Revised  Edition,  Demy 
8vo,  cloth Net  5/0 

FIRES,    FIRE-CNGINES,    AND    FIRE    BRIGADES. 

With    a   History  of  Fire-Engines,    their  Construction,  Use,  and  Manage* 

ment ;   Foreign  Fire  Systems ;   Hints  on  Fire-Brigades,  &c.     By  Charles 

F.  T.  Young,  C.E.    8vo,  cloth £1  4s. 

"  To  such  of  our  readers  as  are  interested  in  the  subject  of  fixes  and  fire  appantus  we  can 
mxt  heartily  commend  this  ^iftxHL,"— 'Engineering , 


MECHANICAL   ENGINEERING,   *<. 


STONB-WORKINO    MACHINERY. 

A  Manual  dealing  with  the  Rapid  and  Economical  Conversion  of  Stone.  With 
Hints  on  the  Arrangement  and  Management  of  Stone  Works.  By  M.  Powis 
Balk,  M.I. M.E.  Second  Edition,  enliurged.  With  Illustrations.  Crown  8vo, 
cloth.  [Just  Publisfud.    Q/Q 

"  The  book  should  be  In  the  hands  of  eveiy  msson  or  student  of  stonework."— CM/^Wy 
Gutardtan, 

"  A  capital  handbook  for  all  who  manipulate  stone  for  building  or  oniamental  purposes."— 
itathtntry  Market. 

PUMPS   AND    PUMPING. 

A  Handbook  for  Pump  Users.  Being  Notes  on  Selection,  Construction,  and 
Management.  By  M.  Powis  Bale,  M.I. M.E.  Fourth  Edition.  Crown 
8vo,  cloth.  [  Just  Published.    3/6 

**  The  matter  is  set  forth  as  concisely  as  possible.  In  &ct,  condensation  rather  than  diffusa- 
oaas  has  been  the  author's  aim  throughout ;  yet  he  does  not  seem  to  hare  omitted  anything  likely  to 
be  of  use. "x^OMma/  0/  Gas  Ltghtingr. 

"  Thoroughly  practical  and  simply  and  clearly  written."— <;Aw£vw  Herald. 

MILLINQ    MACHINES   AND    PROCESSES. 

A  Practical  Treatise  on  Shaping  Metals  by  Rotary  Cutters.  Including 
Information  on  Makine  and  Grinding  the  Cutters.  By  Paul  N.  Hasluck, 
Author  of  "  Lathe- Work."    35a  pp.     With  upwards  of  300  Engravings.     Large 

crown  8vo,  cloth 1 2/6 

"  A  new  departure  in  engineering  literature.  .  .  .  We  can  recommend  this  work  to  all  tn. 
terested  in  milling  machines :  it  is  what  tt  professes  to  be-41  practical  treatise."— ir>v^itMr. 

"  A  capital  and  reliable  book  which  will  no  doubt  be  of  considerable  service  both  to  tboee 
who  are  already  acquainted  with  the  process  as  well  as  to  those  who  contemplate  Its  adoption.'*— 
industrUs. 

LATHE-WORK. 

A  Practical  Treatise  on  the  Tools,  Appliances,  and  Processes  employed  in 
the  Art  of  Turning.  By  Paul  N.  Hasluck.  Seventh  Edition.  Crown  8vo, 
cloth.  [Just  Published,    5/0 

"  Written  by  a  man  who  knows  not  only  how  work  ought  to  be  done,  but  who  also  knows  how 
to  do  It,  and  liow  to  convey  his  knowledge  to  others.  To  autumers  this  book  would  be  valuable."— 
Bngineermg. 

"  We  can  safely  recommend  the  work  to  young  engineers.  To  the  amateur  it  will  simply  be 
invaluable.    To  the  student  it  will  convey  a  great  deal  of  useful  Information."— ifivilfMgr. 

SCREW-THREADS, 

And  Methods  of  Producing  Them.  With  numerous  Tables  and  complete 
Directions  for  using  Screw-Cutting  Lathes.  By  Paul  N.  Hasluck,  Author 
of  "  Lathe- Work,"  &c.  With  Seventy-four  Illustrations.  Fifth  Edition. 
Waistcoat -pocket  size i  /6 

"  Full  of  useful  information,  hints  and  practical  criticism.  Taps,  dies,  and  screwing  tools 
generally  are  illustrated  and  their  actions  described."— A/ccAaMtVa/  iVorld. 

"  It  is  a  complete  compendium  of  all  the  details  of  the  screw-cutting  lathe ;  In  het  a  ntKJhww- 
iH-farvo  on  all  the  subjects  it  treats  upon." — Carpenter  and  BuUder. 

TABLES  AND  MEMORANDA  FOR  ENGINEERS, 

MECHANICS,  ARCHITECTS,  BUILDERS,  Ac. 

Selected  and  Arranged  by  Fkancis  Smith.  Sixth  Edition,  Revised,  including 
Electrical  Tables,  Formula,  and  Memoranda.  Waistcoat-pocket  sine, 
limp  leather.  [Just  Publtshsd.    1/6 

"  It  would,  perhaps,  be  as  difllcult  to  make  a  small  pocket-book  selection  of  notes  and  formulae 
to  suit  all  engineers  as  it  would  be  to  make  a  univttsal  medicine ;  but  Mr.  Smith's  waistcoat- 
pocket  collection  may  be  looked  upon  as  a  successful  a.itmnot."—£fi£iH€er. 

"  The  best  example  we  have  ever  seen  of  070  pages  of  useful  matter  packed  Into  the  dimen 
A>ns  of  a  c9xd<ase."—£uiUliH/i^  News.  "  A  veritable  pocket  treasuiy  of  knowledge. "-^«vff. 

POCKET   GLOSSARY   OP  TECHNICAL  TERMS. 

English- French,  French-English ;  with  Tables  suitable  for  the  Architectural, 
Engineering,  Manufacturing,  and  Nautical  Professions.  By  John  ^ambs 
Fletcher,  Engineer  and  Surveyor.  Third  Edition,  soo  pp.  Waistcoat> 
pocket  size,  limp  leather.  [Just  Published,    f  /6 

"  It  is  a  very  great  advantage  for  readers  and  correspondents  In  France  and  England  to  have 
so  large  a  number  of  the  words  relating  to  engineering  and  manufacturera  collected  m  a  UBiputlaB 
volume.    The  little  book  will  be  usefulboth  to  students  and  travellers."— ^rcA^cf. 

"  The  glossary  of  terms  is  very  complete,  and  many  of  the  Tables  are  new  and  wdl  arranged. 
We  cordially  commend  the  book.*"— MtcManicai  U^firid. 
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THE   ENQINBER'S   YEAR   BOOK   FOR   1901. 

Comprising  Formulae,  Rules,  Tables,  Data  and  Memoranda  in  Civil,  Mechanical, 

Electrical,  Marine  and  Mine  Engineering.    By  H.  R.  KsMrK,  A.M.  Inst.  CE., 

M.I.E.E.,  Technical  Officer  of  the  Eneineer-in-Chief's  Office,  General  Post 

Office,    London,   Author    of   "A  Handbook  of  Electrical  Testing,"  "The 

Electrical  Engineer's  Pocket-Book,"&c.  With  about  i, coo  Illustrations,  mdaDy 

Engraved  for  the  work.    Crown  8vo,  800  pp.,  leather.     [Just  Publisiud.    8/0 

"  Represenu  an  enonnous  quantity  of  work,  and  fonns  a  derintda  book  of  reference."— 77h< 
Sngitutr. 

"The  volume  Is  distinctly  in  adrance  of  most  similar   pubUcaciona  in  this  coaany.*-. 

"  This  valuable  and  wdl-des^ned  book  of  rafnence  meets  the  demands  of  all  doacxipclaBS  of 
9ag\a9en."—SatMrdmjf  Rttriew.  \ 

"  Teems  with  up-to-date  information  in  every  bcanch  of  engineering  and  constnictiaa.*— 
BuUdinf  News. 

'*  The  needs  of  the  engineering  profession  could  hardly  be  supplied  in  a  more  adminbia, 
complete  and  convenient  farm.  To  say  that  it  more  than  sustains  all  compariaoas  is  pnisa  of  the 
highest  ion.  and  that  tnay  Justly  be  saidoflt."— Jft&w'iv  y*t*maJ, 

"  Th^re  is  certainly  room  for  the  newcomer,  which  supplies  esplanatioas  and  diiectioBS.  aa 
weD  as  formulae  and  tables.  It  deservea  to  become  one  of  the  moat  successful  of  the  teclaiieal 
annuals.  "—A  rckitecL 

"  Brings  together  with  great  skill  all  the  technical  Information  which  an  engineer  has  to  lae 
day  by  day.    It  is  in  every  way  admirably  equipped,  and  is  sura  to  prove  SMOcesafiiL''— Scwttww. 

'*  The  up-to-dateness  of  Mr.  Kempe's  compilation  is  a  quality  that  will  not  be  lost  on  the  bai^ 
people  for  whom  the  work  is  intended."— Giiex^vw  Htrttld. 

THE    PORTABLE    ENGINE. 

A  Practical  Manual  on   its  Construction  and  Management.      For  the  use 

of  Owners  and  Users  of  Steam  Engines  generally.      By  William  Dtsom 

Wansbrough.    Crown  8vo,  cloth 8/6 

**  This  is  a  work  of  value  to  those  who  use  steam  machinery.  .  .  .  Should  be  read  by  every 
one  who  has  a  steam  engine,  on  a  farm  or  elsewhere."— MarA  Lant  Expnts. 

"  We  cordially  commend  this  work  to  buyers  and  owners  of  steam-engines,  and  to  those  who 
have  to  do  with  their  construction  or  uaA,"—Timder  Trades  y»umaL 

"  Such  a  general  knowledge  of  the  steam-engine  as  Mr.  Wansbrough  furnishes  to  the  leedar 
should  be  acquired  by  all  intelligent  owners  and  others  who  use  the  steam-engine. "—BuiUinf  Ntmt, 

"  An  excellent  text -book  of  this  useful  form  of  engine.  The  '  Hhits  to  Purchaseis'  cootaki  a 
good  deal  of  common-sense  and  practical  wisdom."— fiv'toA  Mecktmic. 

IRON   AND   STEEL. 

A  Work  for  the  Forge,  Foundry,  Factory,  and  Office.  Containing  ready, 
useful,  and  trustworthy  Information  for  Ironmasters  and  their  Stock-takeia ; 
Managers  of  Ban  Rail,  Plate,  and  Sheet  Rolling  Mills;  Iroo  and  Metal 
Foimders;  Iron  Ship  and  Bridge  Builders;  Mechanical,  Mining,  and  Con> 
suiting  Engineers ;  Architects,  Qmtractors,  Builders,  &c.  By  Charles  Hoakb, 
Author  of  ^' The  Slide  Rule,"  &C.    Ninth  Edition,    jsmo,  leather         .    6/0 

"  For  comprehensiveness  the  book  has  not  its  equal"— /rvw. 

"  One  of  the  best  of  the  pocket  books."— ffv/iM  Mtdmnlc. 

CONDENSED   MECHANICS. 

A  Selection  of  Formulae,  Rules,  Tables,  and  Data  for  the  Use  of  Enginemng 
Students,  Science  Classes,  &c.  In  accordance  with  the  Requirements  of  the 
Science  and  Art  Department.  By  W.  G.  Crawford  Hughes,  A.M.LCE. 
Crown  8vo,  cloth 2/6 

"  The  book  b  well  fitted  for  those  who  are  either  confronted  with  practical  pteblems  in 
their  work,  or  are  preparing  for  examination  and  wish  to  refresh  their  knowleage  by  gofaag  thsoog^ 
their  formube  again."— 4/ar»M^  Engineer. 

"It  is  well  arranged,  and  meets  the  wants  of  those  for  whoa  It  Is  Intended."— je«<hnsjrM«e. 

THE   SAFE    U5E   OF   STEAM. 

Containing  Rules  for  Unprofessional  Steam  Users.  By  an  Engineer.  Seventh 
Edition.    Sewed CId. 

"If  steam-users  would  but  learn  this  little  book  bf  heart,  boiler  explorioos  would 
VensatkHis  by  tbsir  m^r^-SngfUh  Meehanic, 
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THE  LOCOMOTIVE  ENGINE. 

The  Autobiography  of  an  Old  Locomotive  Engine.  By  Robert  Wbatmkr- 
BURN,  M.I.M.L.  With  Illustrations  and  Portraits  of  Grorgb  and  Robert 
Stbphenson.    Crown  8vo,  cloth.  [/usi  Published.    Net  2/6 

Summary  of  Contents:  —PROLor.uE.—CYLiNDRRS.— Motions.— connecting 
Rods.— FRAMHs.— Wheels.— PUMPS.  Clacks,  iS:c.—1njrci()RS.— Boilers.— Smoke  Box. 
—Chimney,— Weather  board  and  awning.— Internal  Dissensions.— Engine 
Drivers,  &c. 

"  It  would  be  difficult  to  int.-i^nc  anvthiniif  more  irnfeniously  pl.-inncd.  more  devrrly  worked 
out,  and  more  charmingly  writtun.  Reacicrs  cannot  fail  to  find  the  volume  most  enjoyable." — 
Glasgow  Herald, 

THE  LOCOMOTIVE  ENGINE  AND  ITS  DEVELOPMENT. 

A  Popular  Treatise  on  the  Gradual  Improvements  made  in  Railway  En^nes 
between  i8oj  and  i&q6.  By  Clement  E.  Stretton,  C.E.  Fifth  Edition, 
Enlarged.    With  lao  Illustrations.    Crown  8vo,  cloth,    {jwl  Published.    3/6 

"  Students  of  railway  history  and  all  who  are  interested  In  the  evolution  of  the  modem 
locomotive  will  find  much  to  attract  and  entertain  in  this  volume." — Th£  Times. 

LOCOMOTIVE  ENGINE  DRIVING. 

A  Practical  Manual  for  Engineers  in  Charge  of  Locomotive  Engines.  By 
Michael  Reynolds,  Member  of  the  Society  of  Engineers,  formerly  Loco* 
motive  Inspector,  L.  B.  &  S.  C.  R.  Ninth  Edition.  Including  a  key  to 
the  Locomotive  Engine.    Crown  8vo,  cloth 4/6 

"Mr.  RevDolds  has  supplied  a  want,  and  has  supplied  it  welL  We  can  confidently  recom- 
mend the  book  not  only  to  tne  practical  driver,  but  to  everyone  who  takes  an  interest  in  the 
perfbimance  of  locomotive  engines.  "—rA«  Eni^nter. 

"Mr.  Reynolds  has  opened  a  new  chapter  in  the  literature  of  the  day.  His  treatise  is 
admirable,  "—jltken^um. 

THE  MODEL  LOCOMOTIVE  ENGINEER, 

Fireman,  and  Engine-Boy.  Comprising  a  Historical  Notice  of  the  Pioneer 
Locomotive  Engines  and  their  Inventors.  By  Michael  Reynolds.  Second 
Edition,  with  Revised  Appendix.    Crown  8vo,  cloth.    [Just  Published.    4/6 

"  From  the  technical  knowledge  of  the  author,  it  will  appeal  to  the  railway  man  of  to-day 
more  forcibly  than  anything  written  By  Dr.  Smiles.  .  .  .  The  volume  contains  mfotmatlon  of  a 
technical  kind,  and  facts  that  every  driver  should  be  familiar  with." — English  Mechanic. 

"  We  should  be  glad  to  see  thu  book  in  the  possession  of  everyone  in  the  kingdom  who  has 
ever  laid,  or  is  to  lay,  hands  on  a  locomotive  engine."— /rMi. 

CONTINUOUS  RAILWAY  BRAKES. 

A  Practical  Treatise  on  the  several  Systems  in  Use  in  the  United  Kingdom  : 

their  Construction  and  Performance.     With  copious  Illustrations  and  numerous 

Tables.     By  Michael  Reynolds.     8vo,  cloth 9/0 

"  A  popular  explanation  of  the  different  brakes.  It  will  be  of  great  assistance  in  forming 
public  opinion,  and  will  be  studied  with  benefit  by  those  who  take  an  interest  in  the  \}nkit."— English 
Mtchanic 

STATIONARY  ENGINE  DRIVING. 

A  Practical  Manual  for  Engineers  in  Charge  of  Stationary  Engines.  By 
Michael  Reynolds.     Sixth  Edition.    Crown  8vo,  cloth     .        .        .    4/6 

"  The  author  is  thoroughly  acquainted  with  his  subjects,  and  his  advice  on  the  various  points 
treated  is  clear  and  practical  ...  He  has  produced  a  manual  which  is  an  exceedingly  useful 
one  for  the  class  for  whom  it  is  specially  intended." — Entrineering. 

"  Our  author  leaves  no  stone  unturned.  He  is  determined  that  his  readers  shall  not  only 
know  something  about  the  stationary  engine,  but  all  about  \x."— Engineer. 


ENGINE-DRIVING  LIFE. 

Stirring  Adventure  and  Incidents  in  the  Lives  of  Locomotive  Engine* 
Drivers.    By  Michael  Reynolds.    Third  Edition.    Crown  8vo,  cloth  .  1  /6 

"  Perfectly  fascinating.     Wilkie  Collins's  most  thrilling  conceptions  are  thrown   into  the 
shade  by  true  mcidents,  endless  in  their  variety,  related  in  every  page."— AT^nA  British  Mail, 

THE  ENGINEMAN'S  POCKET  COMPANION, 

And  Practical  Exiucator  for  Enginemen,  Boiler  Attendants,  and  Mechanics. 
By  Michael  Reynolds.  With  45  Illustrations  and  numerous  Diagrams. 
Fourth  Edition,  Revised.     Royal  z8mo,  strongly  bound  for  pocket  wear  3/6 

**  This  admirable  work  is  well  suited  to  accomplish  its  object,  being  the  honest  workmanship 
of  a  competent  engineer." — Glaegvm  Herald. 
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CIVIL     ENGINEERING,    SURVEYING,    &c. 
LIQHT    RAILWAYS    FOR    THE    UNITED    KINGDOM, 

INDIA.    AND   THB    COLONIB5. 

A  Practical  Handbook  setting  forth  the  Principles  on  which  Light  Railways 
should  be  Constructed,  Worked,  and  Financed  ;  and  detailing  the  Q»t  of 
Construction,  Equipment,  Revenue  and  Working  Expenses  of  Ixxral  Railways 
already  established  in  the  above-mentioned  countries,  and  in  Belgium,  Franoe, 
Switzerland,  &c.  ^  By  J.  C.  Mackay,  F.G.S.,  A.M.  Inst.C.E.  Illustrated 
with  Plates  and  Diagrams.     Medium  8vo,  cloth.  [Just  Published.    1 S/O 

"Mr.  Mackay's  volume  is  clearly  and  concisely  written,  admirably  amnged,  and  firedy 
illustrated.  The  book  is  exactly  what  has  been  loner  wanted.  We  recommend  it  to  all  faiteresteo 
in  the  subject.    It  is  sure  to  have  a  wide  sale."— ^ai'niMy  Nnas, 

TUNNELLING. 

A  Practical  Treatise.  By  Ciiarles  Prklini,  C  E.  With  additions  by 
Charles  S.  Hill,  C\E.  Including  150  Diagram*;  and  Illustrations.  Ko^'al 
8vo,  cloth.  [Just  Published.    Net  1 6/0 

PRACTICAL   TUNNELLING. 

Explaining  in  detail  Setting-out  the  Works,  Shaft-sinking,  and  Headinig-driTixig, 
Ranging  the  Lines  and  Levelling  underground,  Sub-Excavating,  Timbering 
and  the  Construction  of  the  Brickwork  of  TunneUs,  vrith  the  amount  of  Labour 
required  for,  and  the  Cost  of,  the  various  portions  of  the  work.  By  Frsdrkick 
W.  SiMMS,  M.  Inst.C.E.  Fourth  Edition,  Revised  and  Further  Extended, 
including  the  most  recent  (1805)  Examples  of  Sub-aqueous  and  other  Tunnels, 
by  D.  KiNNBAR  Clark,  M.  InsL  C.E.  Imperial  8vo,  with  34  Folding  Plates 
and  other  Illustrations.    Cloth.  [Just  Published.    £2  2s. 

"  The  present  (1896)  edition  has  been  brouffbt  rig'ht  up  to  date,  and  is  thus  rendered  a  work  to 
which  civil  engineers  generally  should  have  ready  access,  and  to  which  engineers  who  have  coo- 
Btruction  work  can  hardly  afford  to  be  without,  but  which  to  the  younger  membeis  of  the  profesaoa 
is  invaluable,  as  from  its  pages  they  can  learn  the  state  to  which  tne  science  of  tunnelling  has 
attained."— J?a<7«Mty  News. 


"  The  estimation  in  which  Mr.  Simms's  book  has  been  held  for  many  yean  cannot  be 
tmly  expressed  than  in  the  words  of  the  late  Prof.  Rankine:  'The  best  source  of  infonnatkxa  oa 
the  subject  of  tunnels  is  Mr.  F.  W.  Simms's  work  on  Practical  TunnelUng.'  "—Architect. 

THE  WATER  SUPPLY    OF  TOWNS   AND   THE  CON- 
STRUCTION OP  WATBR-WORKS. 

A  Practical  Treatise  for  the  Use  of  Engineers  and  Students  of  En^neering. 
By  W.  K.  Burton,  A.M.  Inst.  C.E.,  Professor  of  Sanitary  Engineering  in  the 
Imperisd  University,  Tokvo,  Japan,  and  Constilting  Engineer  to  the  Tokyo 
Water-works.  Second  Edition,  Revised  and  Extended.  With  numerous 
Plates  and  Illustrations.     Super-royal  8vo,  buckram.  [Just  Publisked.    26/0 

I.  INTRODUCTORY.  —  II.  DiFFBRHNT   QUALITIES   OF  WATER.  —  III.  QUANTFTV   OP 

Water  to  be  provided.— iv.  on  ascbri  aininc  whether  a  Proposed  source  op 
Supply  is  sufficient.— v.  on  estimating  the  storage  CAPAcmr  rrquirbd 
TO  BE  Provided.— VI.  Classification  of  Water-works.— VII.  Impounding  Resbr- 
voiRS.— VIII.  Earthwork  Dams.— IX.  Masonry  Dams.— X.  The  Purification  op 
Water.— XI.  settling  Reservoirs.— XII.  Sand  Filtration.— XIII.  Purificatkms 
OF  Water  by  action  of  Iron,  Softening  of  Water  by  action  of  Lime,  Natural 
Filtration.— XIV.  Service  or  Clean  Water  Reservoirs— Water  Towers— Stand 
Pipes.— XV.  The  connection  of  Settling  reservoirs.  Filter  beds  and  Service 
Reservoirs.— XVI.  pumping  Machinery.— XVII.  flow  of  Water  in  Conduits— 
Pipes  and  open  channels.— XVIII.  Distribution  Systems.— XIX.  Special  Pro- 
visions FOR  THE  Extinction  op  Fire.— XX.  Pipes  for  water-works.— XXI.  Pre- 
vention of  Waste  of  Water.— XXII.  Various  appucations  used  in  Connection 

WITH  WATER-WORKS. 

Appendix  I.  By  Prop.  JOHN  MILNE.  F.R.S.— Considerations  concerning  the 
Probable  Effects  of  Earthquakes  on  Water-works,  and  the  special  Pre- 
cautions to  be  taken  in  Earthquake  Countries. 

Appendix  II.  By  JOHN  D£  RIJKE.  C.E.— On  Sand  Dunes  and  Dune  Sand  as 
A  Source  of  Waibr  Supply. 

"  The  chapter  upon  filtration  of  water  is  very  complete,  and  the  details  of  constructioo  «eO 
illustrated.  .  .  .  The  work  should  be  specially  valuable  to  civil  encfineers  engaged  in  wovk  in 
Japan,  but  the  interest  is  by  no  means  confined  to  that  locality."— fH^'Merr. 

"  We  congratulate  the  author  upon  the  practical  commonsense  shown  in  the  prefMntkn  of 
this  work.  .  .  .  The  plates  and  diagrams  have  evidently  been  prepared  with  great  care,  and 
cannot  fail  to  be  of  great  assistance  to  the  student."— i^Mi/r^. 

"  The  whole  art  of  water-works  construction  is  dealt  with  in  a  clear  and  cooiprriiennTe  fhddon 
In  this  handsome  volume.  .  .  .  Mr.  Button's  practical  treatise  shows  in  all  hs  sectioos  the  firnit 
of  independent  study  and  individual  ezpetience.  It  b  largely  baaed  upon  his  own  practice  in  the 
branch  of  engineering  of  which  It  treats."— SoiMnioy  Revtrm. 
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THE    WATER  SUPPLY    OF   CITIES   AND   TOWNS. 

By  William  Humbbr,  A.  M.  Inst.  C.E.,  and  M.  Inst  M.E.,  Author  of  "Cast 

and  Wrought  Iron  Bridee  Construction,"  &c.,  &c.     Illustrated  math  50  Double 

Plates,  I  Single  Plate,  Colotired  Frontispiece,  and  upwards  of  250  Woodcuts, 

and  containing  400   pp.   of  Text.     Imp.  4to,   elegantly    and    substantially 

half-bound  in  morocco Net  £6  6s. 

List  of  Contbnts, 

I.  Historical  skrtch  of  somb  of  the  means  that  have  been  adopted  for 
THE  Supply  of  Water  to  Cities  and  Towns.— II.  Water  and  the  Foreign  Matter 

USUALLY  associated  WITH  IT.— III.  RAINFALL  AND  EVAPORATION.— IV.  SPRINGS  AND 
THE  WATER-BEARING  FORMATIONS  OF  VARIOUS  DISTRICTS.— V.  MEASUREMENT  AND 
ESTIMATION  OF  THE  FLOW  OF  WATER.— VI.  ON  THE  SELECTION  OF  THE  SOURCE  OF 
SUPPLY.- VII.  WELLS,— VIII.  RESERVOIRS.- IX.  THE  PURIFICATION  OP  WATER.— 
X-  PUMPS.— XI.  PUMPING  MACHINERY.— XII.  CONDUITS.— XIII.  DISTRIBUTION  OF  WATER. 
—XIV.  METERS.  SERVICE  PIPES,  AND  HOUSE  FITTINGS.— XV,  THE  LAW  OF  ECONOMY  OF 
WATER-WORKS.— XVI.  CONSTANT  AND  INTERMITTENT  SUPPLY.— XVII.  DESCRIPTION  OF 
PLATES.— APPENDICES.  GIVING  TABLES  OF  RATES  OF  SUPPLY.  VELOCITIES,  ttC.,  &C., 
TOGETHER  WITH  SPECIFICATIONS  OF  SEVERAL  WORKS  ILLUSTRATED.  AMONG  WHICH 
WILL  BE  FOUND  :  ABERDEEN.  BiDEFORD.  CANTERBURY,  DUNDEE.  HALIFAX,  LAMBETH. 
ROTHBRHAM,  DUBLIN,  AND  OTHERS. 

"  The  most  systematic  and  valuable  work  upon  water  supi>lv  hitherto  produced  in  EngUih,  or 
In  any  other  language.  It  is  characterised  almost  throughout  oy  an  exluustivcness  much  more 
distinctive  of  French  and  German  than  of  English  technical  treatises."—  Bngitutr. 

RURAL   WATER   SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Construction  of  Water- 
works for  small  Country  Districts.  By  Allan  Grbbnwbll,  A.M.I.CE., 
and  W.  T.  Curry,  A.M.I.C.E.,  F.G.S.  With  Illustrations.  Second  Edition, 
Revised.    Crown  8vo,  cloth.  [/tut  Publishtd.    5/0 

"  We  conscientiously  recommend  it  as  a  very  useful  book  for  those  concerned  in  obtaining 
water  for  small  <Ustricts.  giving  a  great  deal  of  practical  biformation  in  a  small  compass."— i^M^/rfrr. 

"  The  volume  contains  valuable  information  upon  all  matters  connected  with  water  supply. 
.    .    .    Full  of  details  on  points  which  are  continually  before  water-works  engineers."— /V«rMrv. 

HYDRAULIC  POWER  ENQINEERINQ. 

A  Practical  Manual  on  the  Concentration  and  Tranf^mission  of  Power  bv 
Hydraulic  Machinery.  By  G.  Croydon  Marks,  A.M.  Ins^t.  C.E.  With 
nearly  aoo  Illustrations.     8vo,  cloth.  [Jvsf  Published.    Net  9/0 

Summary  OF  contents:— Principles  of  hydraulics.— The  Observed  Flow 
OF  Water.— Hydraulic  Prf.ssures.  Material.— Test  Load  Packinc.s  for  Sliding 
Surfaces.— Pipe  Joints.— Controllin<.  Valves.— platform  Lifts.- workshop. 
Factory,  and  dock  cranes.— hydraulic  accumulators,— presses.— sheet  metal 
Working  and  Forging  Machinery.— Hydraulic  Rivhitrrs.— Hand.  Power,  and 
Steam  pumps.— turbines.— Impulse  and  re-action  Turbines.— Design  of  Tur- 
bines.— Water  wheels.— Hydraulic  Engines.- Recent  achievements.- Tables. 

"We  have  nothing;  but  praise  for  this  thoroughly  valuable  work.  The  author  has  succeeded 
in  rendering  his  wbjpct  mteresting  as  well  as  instructive." — Practical  Fngitteer. 

"Can  be  unhesitatingly  recommended  as  a  useful  and  up-to-date  manua  on  hydraulic  trans- 
mission  and  utilisation  of  power."— AfccMaHuai  H'orid. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  &  FORMULyC. 

For  Finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs,  Pipes,  and 
Rivers.  With  New  Formulae,  Tables,  and  General  Information  on  Rain-fall. 
Catchment- Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and  ^  Mill 
Power.  By  John  Neville,  Civil  Engineer,  M.K.I.A.  Third  Edition, 
revised,  with  additions.  Numerous  Illustrations.  Crown  8vo,  cloth  .  1 4/0 
"  It  Is,  of  an  English  books  on  the  subject,  the  one  nearest  to  campl^tntas."— Architect. 

HYDRAULIC    MANUAU 

Consisting  of  Working  Tables  and  Explanatory  Text.  Intended  as  a  Guide  b 
Hydraulic  Calculations  and  Field  Operations.  By  Lowis  D'A.  Jackson, 
Author  of  "Aid  to  Survey  Practice,"  "Modem  Metrology,"  Ac      Fourth 

Edition,  Enlarged.    Large  crown  8vo,  cloth 1 B/O 

"  The  author  has  constructed  a  manual  which  may  be  accepted  as  a  trustworthy  guide 
to  this  branch  of  the  engineer's  ptoitsAoa."—EngiHetrinf^, 

WATER    ENQINEERINQ. 

A  Practical  Treatise  on  the  Measurement,  Ston^e,  Conveyance,  and  Utilisa- 
tion of  Water  for  the  Supply  of  Towns,  for  Mill  Power,  and  for  other  Purposes. 
By  C.  Slagg,  a.  M.  Inst.  C.E.     Second  Edition.     Crown  8vo,  cloth  .    7/6 
"  As  a  small  practical  treatise  on  the  water  supply  of  towns,  and  on  icmw  ap^cations  of  water- 
power,  the  work  is  in  many  respects  ezceHent."— f  »v«M«m'>v- 
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THE  RECLAMATION  OF  LAND  FROM  TIDAL  WATERS. 

A  Handbook  for  Engineers,  Landed  Proprietors,  and  others  interested  in 
Works  of  Reclamation.  By  Albxandkr  Bbazelbv,  M.Inst.  CE.  With 
Illustrations.     8 vo,  cloth.  [Just  Puilisked.    iV>/  10/6 

"  The  book  shows  in  a  concise  way  what  has  to  be  done  in  reclaiminji^  land  from  the  sea,  and 
the  best  way  of  doin^  it.  The  work  contains  a  intiat  deal  of  practical  and  useful  infonnation  which 
cannot  fail  to  be  of  service  to  engineers  entrusted  with  the  enclosure  of  salt  marshes,  and  to  land- 
owners intending  to  reclaim  land  from  the  sea." — Tke  Engineer. 

"The  author  has  carried  out  his  task  efficiently  and  well,  and  his  book  con'ains a  Iarg« 
amount  of  information  of  great  service  to  engineers  and  others  Interested  in  works  of  necUHaarioa." 
—Nature.. 

MASONRY  DAM5   PROM  INCEPTION  TO  COMPLETION. 

Including  numerous  Formulae,  Forms  of  Specification  and  Tender,  Pocket 

Diagram  of  Forces,  &c     For  the  use  of  Civil  and  Mining  Engineers.     By 

C.  P.  Courtney,  M.  Inst.  CE.     8vo,  cloth.  [Just  Publtshsd.    9/0 

"  The  volume  contains  a  good  deal  of  valuable  data,  and  furnishes  the  engineer  with  practical 

advice.     The  author  deals  with  his  subject  from  the  inception  to  the  finish.    Maziy  useful  sugs'es- 

tions  will  be  found  in    the  remarks  on  site    and    position,  location    of  dam,  foundations   aad 

construction." — Buitding  News, 

RIVER    BARS. 

The  Causes  of  their  Formation,  and  their  Treatment  by  "  Induced  Tidal 

Scour  " ;  with  a  Description  of  the  Successful  Reduction  b^  this  Method  of 

the  Bar  at  Dublin.     By  1.  J.  Mann,  Assist.  Eng.  to  the  Dubhn  Port  and  Docks 

Board.     Royal  8vo,  cloth 7/6 

"  We  recommend  all  interested  in  harbour  works — and,  indeed,  those  concerned  la  the 
i  nprovements  of  rivers  generally — to  read  Mr.  Mann's  interesting  work." — Engineer. 

TRAMWAYS:  THEIR  CONSTRUCTION  AND  WORKING. 

Embracing  a  Comprehensive  History  of  the  System ;  with  an  exhanstive 
Analysis  of  the  Various  Modes  of  Traction,  including  Horse  Power,  Steam, 
Cable  Traction,  Electric  Traction,  &c. ;  a  Description  of  the  Varieties  of 
Rolling  Slock ;  and  ample  Details  of  Cast  and  Working  Expenses.  New 
Edition,  Thoroughly^  Revised,  and  Including  the  Progress  recently  made  in 
Tramway  Construction,  &c.,  &c.  By  D.  Kinnbar  Clark,  M.  InstCE. 
With  400  Illustrations.     8 vo,  780  pp.,  buckram.  [Just  Publish§d.    28/0 

"  The  new  volume  is  one  which  will  rank,  amonf  tramway  engineers  and  those  faiterested  ia 
tramway  worUngf,  with  the  Author's  world-famed  book  on  railway  mac hinery . "—  TMe  Engineer 

PRACTICAL    SURVEYING. 

A  Text-Book  for  Students  preparing  for  Examinations  or  for  Survey-work  in 
the  Colonies.  By  Georgb  w.  Usill,  A.M.I.CE.  With  4  Plates  and  ap- 
wards  of  330  Illustrations.  Sixth  Edition.  Including  Tables  of  Natural  Sines, 
Tangents,  Secants,  &c.    Crown  Svo,  cloth  7/6 ;  or,  on  Thin  Paper,  leather, 

gilt  edges,  for  pocket  use 1 2/0 

"  The  best  forms  of  instruments  are  described  as  to  their  construction,  uses  and  medes 
uf  employment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  the  author.  Id 
his  experience  as  surveyor,  draug^htsman  and  teacher,  has  found  necessaxy,  and  which  the  " — * — " 
In  his  mexpericnce  will  find  most  serviceable." — Engineer. 

"  The  latest  treatise  in  the  English  lanpiare  on  surveying,  and  we  have  no  bcsbadoB  In 
tni;  that  the  student  will  find  it  a  Itetter  guide  tha.-i  any  of  its  predecessors.  Desarvas  to  )m 
recognised  as  the  first  book  which  should  be  put  in  the  hands  of  a  pupil  of  Civil  Engineeriog.**— 
A  rckiUcL 

SURVEYING  WITH  THE  TACHEOMETER. 

A  practical  Manual  for  the  use  of  Civil  and  Military  Engineers  and  Survc^tKs. 
Including  two  series  of  Tables  specially  computed  for  the  Reduction  of 
Readings  in  Sexagesimal  and  in  Centesimal  Degrees.  By  Neil  Kbnnkdy, 
M.  Inst.  CE.     With  Diagrams  and  Plates.    Demy  Svo,  cloth. 

[Just  Published.    Net  10/6 
"The  work  is  very  clearly  written,  and  should  remove  all  difficulties  in  the  way  of  any  surveyor 
desirous  of  making  use  of  tliis  useful  and  rapid  instrument."— A1«A«rr. 

AID   TO   5URVEY    PRACTICE. 

For  Reference  in  Stuveying,  Levelling,  and  Settine-out ;  and  in  Roate  Sar> 

veys  of  Travellers  by  Land  and  Sea.    With  Tables,  Illustrations,  and  Reooids. 

By  Lewis  D'A.  Jackson,  A.M.I.C.E.     Svo,  cloth   ....    12/6 

"  A  valuable  vade-ntecum  for  the  surveyor.     We  recommend  this  book  as  containing  an 

admirable  supplement  to  the  teaching  of  the  accomplished  surveyor."—  Atkenmntn. 

"  The  author  brings  to  his  work  a  fortunate  union  of  theory  and 
aided  by  a  clear  and  lucid  style  of  writing,  renders  the  book  a  very  1 
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BNQINBBR'S  &  MINING   SURVEYOR'S  FIELD  BOOK. 

Cooaiattng  of  a  Series  of  Tables,  with  Rules,  Explanations  of  Systems,  and 
ase  of  TneodoUte  for  Traverse  Surveying  and  plotting  the  work  with  minute 
accuracy  by  means  of  Straight  Edge  and  Set  Square  only  ;  Levelling  with  the 
Theodolite,  Casting-out  and  Reducing  Levels  to  Datum,  and  Plotting  Sections 
in  the  ordinary  manner ;  Setting-out  Curves  with  the  Theodolite  by  Tangential 
Angles  and  Multiples  with  Right  and  Left-hand  Readings  of  the  Instrument; 
Setting-out  Curves  without  Theodolite  on  the  S)rstem  of  Tangential  Angles  by 
Sets  of  Tangents  and  Offsets ;  and  Earthwork  Tables  to  80  feet  deep,  calcu- 
lated for  every  6  inches  in  depth.  By  W.  Davis  Haskoll,  C.E.  With 
numerous  Woodcuts.     Fourth  Edition,  Enlarged.    Crown  8vo,  cloth  .     1 2/0 

**  Tbe  book  Is  veiy  bandy ;  th«  sepaiate  tables  of  sines  and  tangents  to  eveiy  minute  wOl  nuke 
It  useful  for  many  other  purposes,  the  genuine  traverse  tables  existing  all  the  same."— ^tJUiut$ttm. 

"  Every  person  engaged  in  en^neering  field  operations  will  estunate  the  importance  of  such 
a  wock  and  the  amount  of  valuable  tune  which  will  be  saved  by  reference  to  a  set  of  reliable  tables 
prepaied  with  the  accuracy  and  fulness  of  those  given  in  this  volume."— ^ai/woy  News. 

LAND    AND   MARINE   SURVEYING. 

In  Reference  to  the  Prroaration  of  Plans  for  Roads  and  Railways ;  Canals, 
Rivers,  Towns'  Water  Supplies;  Docks  and  Harbours.  With  Description 
and  Use  of  Surveying  Instruments.  By  W.  Davis  Haskoll,  C.E.  Second 
Edition,  Revised,  witn  Additions.    Large  crown  8vo,  cloth  Q/Q 

'  TUs  book  must  prove  of  fpreat  value  to  the  student.    We  have  no  hesitation  in  recom- 
~"  k.  feeling  assured  that  it  wiU  more  than  repay  a  careful  study."— Afechanicai  IVortd. 
K  most  useful  book  for  the  student.     We  strongly  recommend  it  as  a  carefuUy-writteo 
and  vahiable  text-book.    It  enioys  a  well-deserved  repute  among  surveyors. "—i^MtA&r. 

"*  This  volume  cannot  fail  to  prove  of  the  utmost  practical  utility.    It  may  be  safely  recom 
'  to  aD  students  who  aspire  to  become  clean  and  expert  saneyoti."— Mining  youmal. 


«• 


PRINCIPLES   AND    PRACTICE   OP    LEVELLINQ. 

Showing  its  Application  to  Purposes  of  Railway  and  Civil  Engineering  in 
the  Construction  of  Roads ;  with  Mr.  Telford's  Rules  for  the  same.  By 
Frbdbxick  W.  SiMMS,  F.G.S.,  M.Inst.  C.E.  Eighth  Edition,  with  the 
addition  of  Law's  Practical  Examples  for  Setting-out  Railwav  Ctuves,  and 
Trautwinb's  Field  Practice  of  Laying-out  Circular  Curves.    With  7  Plates 

and  numerous  Woodcuts,  8vo,  cloth 8/6 

*«*  Trai;twine  oa  Curves  may  be  had  separate 0/0 

**  The  text -book  on  levelling  in  most  of  our  engineering  schools  and  colleges.**— fMsWMCcr. 
**The  publishers  have  rendered  a  substantial  service  to  the  profession,  especially  to  the 
younger  Bembers,  by  bringing  out  the  present  edition  of  Mr.  Simms's  useful  work.'* — Engineering. 


AN  OUTLINE  OP  THE  METHOD  OF  CONDUCTING 

A   TRIOONOMBTRICAL   5URVBY. 

For  the  Formation  of  Geographical  and  Topographical  Maps  and  Plans,  Mili- 
tary Reconnaissance,  LEVELLING,  &c.,  with  Useful  Problems,  Formulss. 
and  Tables.  By  Lieut. -General  Frome,  R.E.  Fourth  Edition,  Revised  and 
partly  Re-written  by  Major-General  Sir  Charles  Warren,  G.C.M.G.,  R.E. 
with  19  Plates  and  1x5  Woodcuts,  royal  8vo,  cloth       ....     1 6/0 

"No  words  of  praise  from  us  can  strengthen  the  position  so  well  and  so  steadily  maintained 
by  this  work.  Sir  Charles  Warren  has  revised  the  entire  work,  and  made  such  additions  as  were 
neoemiy  to  bring  every  portion  of  the  contents  up  to  the  present  date,"—Brt>a«l  Arrvw. 


TABLE5  OP  TANGENTIAL  ANGLES  AND  MULTIPLES 

FOR   5BTTINa-OUT   CURVB5. 

From  5  to  aoo  Radius.  By  A.  Beazbley,  M.  Inst.  C.E.  6th  Edition, 
Revised.  With  an  Appendix  on  the  use  of  the  Tables  for  Measuring  up 
Curves.    Printed  on  50  Cards,  and  sold  in  a  cloth  box,  waistcoat-pocket  size. 

{Just  Published.    3/6 
"  Each  table  is  printed  on  a  card,  which,  placed  on  the  theodolite,  leaves  the  hands  free 
M>  manipulate  the  insmiment—no  small  advantage  as  regards  the  rapidity  of  woric"— £M^'M«rr. 

'*  Very  handy  :  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these  cards,  which 
he  puts  fakto  his  own  card-case,  and  leaves  the  rest  behind."— ^iA^furMm. 

HANDY   GENERAL    EARTH-WORK   TABLES. 

Giving  the  Contents  in  Cubic  Yards  of  Centre  and  Slopes  of  Cuttings  and 
Embankments  from  3  inches  to  80  feet  in  Depth  or  Height,  for  use  with  either 
66  feet  Chain  or  100  feet  Chain.  By  J.  H.  Watson  Buck,  M.  Inst.  C.E. 
On  a  Sheet  motmted  in  cloth  case.  [Juii  Publishsd.    3/6 
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EARTHWORK   TABLES. 

Showing  the  Contents  in  Cubic  Yards  of  Embankments,  Cuttings,  &c,  of 

Heights  or  Depths  up  to  an  average  of  80  feet.    By  Joseph  Broadbbnt,  C.K., 

and  Francis  (Jampin,  C.E.    Crown  8vo,  cloth fl/0 

"  The  way  in  which  accuracy  is  attained,  by  a  simple  division  of  each  cross  section  nto  thaaa 
dements,  two  in  which  are  constant  and  one  variable,  is  ingenious.**— ^lArM^Mift. 

A   MANUAL   ON    EARTHWORK. 

By  Alex.  J.  S.  Graham,  C.E.  With  numerous  Diagrams.  Second  Kditioo. 
i8mo,  cloth 2/6 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS. 

A  Practical  and  Theoretical  Essay.    By  T.  H.  Watson  Buck,  M.  Inst.  CR., 

Resident  Engineer,  L.  and  N.  W.  R.    With  Folding  Plates,  8vo,  cloth  12/0 

"  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  m^son,  and  the  ofanrra- 

tions  on  the  lotm  of  arch,  the  rules  for  ordering  the  stone,  and  the  construction  of  the  tenuslaSaa, 

win  be  found  of  considerable  use.     We  commend  the  boolc  to  the  engineering  pic' ' 

BiUMtur  Niwt. 

"  Will  be  regarded  by  civil  engineers  as  of  the  utmost  value,  and  calculated  to 
time  and  obviate  many  mistakes."— C«^i;«»:y  GuardimH. 

CAST  Si  WROUGHT   IRON    BRIDGE   CONSTRUCTION 

(A  Complete  and  Practical  Treatise  onX  including  Iron  Foundations.  In 
Three  Pvts. — Theoretical,  Practical,  and  Descriptive.  By  William  Hitmbsb, 
A.  M.  Inst.  C.E.,  and  M.  Inst.  M.E.  Third  Edition,  revised  and  much  im- 
proved, with  X15  Double  Plates  (ao  of  which  now  first  appear  in  this  edition), 
and  numerous  Additions  to  the  Text.     In  a  vols.,  imp.  4to,  half-bound  in 

morocco iS6  16ft.  60. 

"  A  veiT  valuable  contribution  to  the  standard  literature  of  civil  engineering.  In  addldon  to 
elevations,  plans,  and  sections,  large  scale  details  are  given,  which  very  much  enhance  the 
instructive  worth  of  those  illustrations."— C^v^/  Ett^ruer  and  ArtkiUcfs  youmal. 

"Mr.  number's  stately  volumes,  lately  issued— in  which  the  most  important  bridset 
erected  during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei.  Sir  W.  Caftt, 
Mr.  Hawkshaw,  Mr.  Page,  Mr.  Fovder,  Mr.  Hemans,  and  others  among  our  most  aarioeat 
engineers,  are  drawn  and  specified  in  great  detail."— ir>vi£M«r. 

ESSAY  ON   OBLIQUE    BRIDGES 

(Practical  and  TheoreticalX  With  13  large  Plates.  By  the  late  Gbobgk 
Watson  Buck,  M.I. CE.  Fourth  EUlition,  revised  b^  his  Son,  J.  H.  Watsom 
Buck,  M.I.CE.  ;  and  with  the  addition  of  Description  to  Diagrams  for 
Facilitating  the  Construction  of  Oblique  Bridges,  by  W.  H.  Barlow,  M.I.CE. 
Royal  8vo,  cloth 1 2/0 

"  The  standard  text-book  for  all  engineers  regarcUng  skew  arches  Is  Mr.  Back's  trnsrhin. 
and  it  would  be  impossilsleto  consult  a  better."— ifitfiMMr. 

*'  Mr.  Buck's  treatise  is  recognised  as  a  stanoard  text-book,  and  his  treatment  has  divesead 
the  subject  of  manv  of  the  intricacies  supposed  to  belong  to  it.  As  a  guide  to  the  imglnnw  aad 
architect,  on  a  confessedly  difficult  subject,  Mr.  Buck's  work  Is  unsurpassed."— ifataU&v'  JVSrwr. 


THE   CONSTRUCTION   OP   OBLIQUE   ARCHES 

(A  Practical  Treatise  onX  By  John  Hart.  Third  Edition,  with  Plates. 
Imperial  8vo,  cloth 8/0 

GRAPHIC   AND   ANALYTIC   STATICS. 

In  their  Practical  Application  to  the  Treatment  of  Stresses  in  Roob,  Solid 
Girders,  Lattice,  Bowstring,  and  Su.spension  Bridges,  Braced  Iron  Arches  aad 
Piers,  and  other  Frameworks.  By  K.  Hudson  Graham,  CE.  Containing 
Diagrams  and  Plates  to  Scale.  With  numerous  Examples,  many  taken  from 
existmg  Structures.  Specially  arranged  for  Class-work  in  Colleges  tmd 
Universities.    Second  Edition,  Revised  and  Enlarged.    8vo,  cloth      .    1 0/O 

"  Mr.  Graham's  book  will  find  a  place  wherever  graphic  and  analytic  statks  are  used  or 
studied."— ZifviMMr. 

"  The  work  is  excellent  from  a  practical  point  of  view,  amd  has  evidently  been  prapaied 
with  much  care.  "The  directions  for  working  are  simple,  and  ate  illustrated  by  an  abundaaoe  of 
well-selected  examples.    It  is  an  excellent  text-book  for  the  practical  draughtsman."—^ 


WEIGHTS  OP  WROUGHT  IRON  &  5TEEL  01RDER5. 

A  Graphic  Table  for  Facilitating  the  Computation  of  the  Weights  of  Wrou^t 
Irtm  and  Steel  Girdeis,  &c.,  for  Parliamentary  and  other  Estimates.  By 
J.  H.  Watson  Buck,  M.  Inst.  CE.    On  a  Sheet 2/6 
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PRACTICAL  QEOMBTRY. 

For  the  Architect,  Engineer,  and  Mechanic.  Giving  Rules  for  the  Delineation 
and  Application  of  various  Geometrical  Lines,  Figures,  and  Curves.  By 
E.  W.  Tarn,  M.A.,  Architect.    8vo,  cloth Q/Q 

"  No  book  with  the  sam«  objects  In  view  has  ever  been  published  in  which  the  daomess  of 
the  rules  laid  down  and  the  illustrative  diagrams  have  been  so  satisfactory.  "—.SktftraMN. 

THE  QEOMBTRY  OP  C0MPA55E5. 

Or.  Problems  Resolved  by  the  mere  Description  of  Circles  and  the  Use  of 
Coloured  Diagranis  and  Symbols.  By  Olivbk  Byrne.  Coloured  Plates. 
Crown  8vo,  cloth 3/0 

HANDY  BOOK  FOR  THE    CALCULATION  OP  5TRAIN5 

In  Girders  and  Similar  Structures  and  their  Strength.    Consisting  of  FormuUe 

and  Corresponding  Diagrams,  with  numerous  details  for  Practical  Applica- 

tion,    &c.      By  William  Humbbr,  A.  M.  Inst.  C.E.,  &c.   Fifth    Edition. 

Crown  8vo,   with  nearly  100  Woodcuts  and  3  Plates,  cloth  .        .     7/6 

"  The  formulae  are  neadv  expressed,  and  the  diafframs  good."— jitJUtunttH. 

"  We  heartily  conunend  this  really  Mandy  book  to  our  engineer  and  architect  readers."— 

HnrUMh  Mtchanic. 

TRUSSES   OP  WOOD  AND    IRON. 

Practical  Applications  of  Science  in  Determiaing  the  Stresses.  Breaking 
Weights,  Safe  Loads,  Scantlings,  and  Details  of  Construction.  Witn  Complete 
Working  Drawings.     By  William  Griffiths,  Surveyor.    6vo,  cloth.      4/8 

"This  handy  Utde  book  enters  so  minutely  into  every  detail  connected  with  the  con- 
stnickkm  of  roof  trusses  that  no  student  need  be  ignorant  of  these  matters."— ^VarAVa/  Engitutr, 

THE    STRAINS   ON    STRUCTURES    OP   IRONWORK. 

With  Practical  Remarks  on  Iron  Construction.  By  F.  W.  Sheilds,  M.I.C.£. 
8vo,  cloth 6/0 


A  TREATISE  ON  THE  STRENGTH   OP  MATERIALS. 

With  Rules  for  Application  in  Architecture,  the  Construction  of  Suspension 
Bridges.  Railways,  ac.  By  Peter  Barlow,  F.R.S.  A  new  Edition,  revised 
by  his  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S.  ;  to  which 
are  added.  Experiments  hy  Hodgkinson,  Fairbairn,  and  Kirkaldv  ;  and 
Formulae  tor  calculating  Girders,  &c.    Arranged  and  Edited  by  Wm.  Humbbk, 

A.  M.  Inst.  C.£.    8vo,  cloth 1 8/0 

"  Valuable  alike  to  the  student  tyrj,  and  the  experienced  practitioner,  it  will  always  rank 

in  unite  as  it  has  hitherto  done,  as  the  standard  treatise  on  that  particular  subject."— f^wiM''''. 

"  As  a  scientific  woric  of  the  first  class,  it  deserves  a  foremost  place  on  the  bookshelves  of 

every  dvU  engineer  and  practical  meclianic."— if/f^/LfA  Mechanic. 

5APE   RAILWAY  WORKING. 

A  Treatise  on  Railway  Accidents,  their  Cause  and  Prevention ;  with  a  De- 
scription of  Modern  Appliances  and  Systems.  By  Clement  £.  Stretton, 
CE.,  Vice-President  and  Consulting  Engineer,  Anudgamated  Societjr  of 
Railway  Servants.    With  Illustrations  and  Coloured  Plates.    Third  Edition, 

Enlarged.    Crown  8vo,  cloth 3/6 

"A  book  for  the  engineer,  the  directors,  the  manafirers;  and,  in  short,  all  who  wish  for 

infofinatkm  on  railway  matters  will  find  a  perfect  encyclopaedia  in  '  Safe  Railway  Working.'  "— 

Railway  Review. 

"  We  conunend  the  remarks  on  railwav  signalling  to  aO  raUway  managers,  especially  where 

a  unUbrm  code  and  pracdce  is  advocated."— //Irng^iA'f  Railway  yoHmal. 

EXPANSION  OP  STRUCTURES  BY  HEAT. 

By  John  Keily,  C.E.,  late  of  the  Indian  Public  Works  DepartmenL    Crown 

8vo,  cloth 3/6 

**  The  aim  the  author  has  set  before  him.  viz.,  to  show  the  effects  of  heat  upon  metalBc  and 
sitber  structures,  is  a  laudable  one,  for  this  is  a  branch  of  physics  upon  which  the  engineer  or 
architect  can  find  but  little  reliable  and  comprehensive  dau  hi  books."— ^Mtikirr. 
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THE  PROORB55  OP  MODERN  ENQINEERINO. 

Complete  in  Four  Volumes,  imperial  410,  half-morocco,  price  £12  12s. 

Each  volume  sold  separately,  as  follows : — 
First  Series,  Comprising  Civil,  Mechanical,  Marine,  Hydraulic,  Railway, 
Bridge,  and  other  Engmeering  Works,  &c  By  William  Humbkk, 
A.  M.  Inst.  C.E.,  &c.  Imp.  410,  with  36  Double  Plates,  drawn  to  a  large  snle, 
Photographic  Portrait  of  John  Hawkshaw,  C.E.,  F.R.S.,  ftc,  and  copious 
descriptive  Letterpress,  Specifications,  &c     Half-morocco      .        .    £3  8s. 

List  of  the  Plates  and  Diagrams. 

Victoria  Station  and  Roof,  L.  b.  &  S.  C.  R.  (8  plates);  Southport  Pibe 
(s  PLATES) ;  Victoria  Station  and  Roof.  L.  C  At  D.  and  C.  w.  r.  (6  plates)  ;  Roof 
OF  Crbmornb  music  Hall;  Bridge  over  G.  n.  Railway;  Roof  of  station, 
Dutch  Rhenish  Rail.  (9  plates):  Bridge  over  the  Thames,  West  London 
Extension  Railway  (s  plates);  armour  Plates;  Suspension  bridge.  Thames 

(4    PLATES) ;   The    ALLEN    ENGINE  ;   SUSPENSION    BRIDGE,   AVON   (3    PLATES] ;    UNDBK- 

GROUND  Railway  (3  plates*. 

HUMBERTS  MODERN  ENGINEERING. 

Second  Series.  Imp.  4to,  urith  3  Double  Plates,  Photographic  Portrut  of 
Robert  Stephenson,  C.E.,  M.P.,  F.R.S.,  &c.,  and  copious  descriptive  Letter- 
press, Specifications,  &c.     Half-morocco £3  3l. 

List  op  the  Plates  and  Diagrams. 

Birkenhead  Docks,  Low  Water  Basin  (15  plates)  ;  Charing  Cross  Station 
Roof.  C.  C.  Railway  (3  plates);  Dicswkll  viaduct,  Great  Northern  Railway; 
Robbery  wood  Viaduct.  Great  Northern  Railway;  Iron  permanent  way; 
Clydach  Viaduct,  Merthyr.  trbdhcar,  and  Abergavenny  Railway  ;  Ebbw 
Viaduct,  Merthyr,  Tredegar,  and  Abergavenny  Railway;  College  wood 
Viaduct,  Cornwall  Railway;  Dublin  winter  palace  Roof  (3  plates) :  Bridge 
OVER  the  Thames,  l.  C.  &  d.  railway  (6  plates);  albert  Harbour,  Greenock 

(4  PLATES). 

HUMBER'5  MODERN  ENGINEERING. 

Third  Series.  Imp.  4to,  with  40  Double  Plates,  Photographic  Portrait  of 
J.  R.  M'Clean.  late  Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpress, 
Specifications,  &c.    Half-morocco ^S8  3*. 

List  of  the  Plates  and  Diagrams. 

Main  Drainage,  metropous.— Ai»rrt  Sidt.— Map  showing  interception  of 
Sewers  ;  Middle  Lev'el  Sewer  (a  plates)  ;  Outfall  Sbwer.  Bridge  over  River 
Lea  (3  plates)  ;  outfall  Sewer,  Bridge  over  Marsh  Lane.  North  Woolwich 
Railway,  and  Bow  and  Barking  Railway  Junction  ;  Outfall  sewer.  Bridge  over 
Bow  AND  Barking  Railway  (3  plates)  ;  Outfall  Sewer.  Bridge  over  East  Londom 
Water-works'  feeder  (2  plates)  ;  Outfall  sewer  Reservoir  (i  plates)  ;  Outfall 
Sewer.  Tumbling  Bay  and  Outlet  ;  outfall  sewer.  Penstocks.  Smi*  Sitk.— 
Outfall  Sewer,  Bermondsby  Branch  (a  plates)  ;  Outfall  Sewer.  Reservoir  and 

OUTLET  (4  plates)  ;  OUTFALL  SEWER,  FILTH  HOIST  ;  SECTIONS  OF  SEWERS  NORTH  AMD 

South  Sides). 

THAMES  Embankment.— SECTION  of  River  Wall  ;  Steamboat  Pier.  West- 
minster (a  plates)  :  Landing  Stairs  between  Charing  Cross  and  Waterloo 
Bridges  ;  York  Gate  (a  plates)  ;  Overflow  and  Outlet  at  Savoy  Street  Sbwbr 
(3  plates);  steamboat  Pier,  Waterloo  Bridge  (3  plates); Junction  of  Sewers. 
Plans  and  Sections;  Gullies,  Plans  and  Sections;  Rolling  stock;  Granitb 
AND  Iron  Forts. 

HUMBER'5  MODERN  ENGINEERING. 

Fourth  Series.  Imp.  4to,  with  36  Double  Plates,  niotoeraphic  Portrait  of 
John  Fowler,  late  Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpress,  Speci- 
fications, &C.     Half-morocco £i3  8«. 

List  of  the  Plates  and  Diagrams. 

abbey  Mills  pumping  Station,  Main  Drainage,  Metropolis  (4  plates); 
Barrow  docks  (s  plates);  Manquis  Viaduct,  Santiago  and  Valparaiso  Railway, 
(a  plates) ;  adam's  locomotive,  st.  helen's  canal  railway  (9  plates) ;  caimon 
street  station  roof.  charing  cross  railway  (3  plates);  road  bridge  over 
THE  River  Moka  (a  plates)  ;  Telegraphic  apparatus  for  Mesopotamia  ;  Viaduct 
over  the  river  Wye,  Midland  Railway  (3  plates);  St.  Germans  Viaduct, 
Cornwall   Railway  (a  plates);  wrought-iron   Cylinder   for   Diving   Bbli.: 

MILLWALL    docks   (6    PLATES);    MiLROV'S    PATENT  EXCAVATOR ;   METROPOLITAN   DIS- 
TRICT Railway  (6  plates)  ;  Harbours.  Ports,  and  breakwaters  (3  plates). 
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MARINE  ENGINEERING,  SHIPBUILDING, 

NAVIGATION,  &c. 


THE     NAVAL     ARCHITECTS     AND     SHIPBUILDER'S 

POCKET-BOOK  of  Formulae,  Rules,  and  Tables,  and  Marine  Engineer's  and 
Surveyor's  Handy  Book  of  Reference.  By  Clbmknt  Mackrow,  M.I.N. A. 
Seventh  Edition,  700  pp.,  with  300  Illustrations.    Fcap.,  leather  .  12/6 

Summary  of  Contbnts  :— Signs  Afa>  symbols.  Decimal  fractions.— Trigono- 
MBTRY.— Practical  GboiIbtry.— mensuration.— centres  and  Moments  of  Figures. 
—Moments  of  Inertia  and  Radii  of  Gyration.— algebraical  Expressions  for 
Simpson's  Rules.— Mechanical  principles.— centre  of  Gravity.— Laws  of  motion. 
—Displacement,  centre  of  buoyancy.— centre  of  gravity  of  Ship's  hull.— 
Stability  curves  and  metacentrbs.— Sea  and  shallow-water  waves.- Rolling 
OF  Ships.— propulsion  and  Resistance  of  Vessels.— Speed  Trials — Sailing, 
CENTRE  OF  Effort.— Distances  down  Rivers,  Coast  Lines.— Steering  and 
Rudders  of  Vessels.— Launching  Calculations  and  VELocrriES.— weight  of 
Material    and   Gear.— Gun   Particulars   and   weight.— Standard    Gauges.— 

Riveted  Joints  and  Riveting Strength  and  Tests  of  Materials.— Binding 

and  shearing  Stresses,  &c.  — Strength  of  Shafting,  Pillars,  wheels,  &c. 
—hydraulic  Data,  &c.  —  Conic  sections.  Catenarian  Curves.  —  mechanical 
Powers,  work.— Board  of  Trade  regulations  for  Boilers  and  Engines.- Board 
of  Trade  Regulations  for  ships.— Lloyd's  Rules  for  Boilers.— Lloyds  weight 
OF  Chains.— LLOYD'S  scantlings  for  Ships.— Data  of  engines  and  Vessels.- 
Ships'  Fittings  and  Tests.— Seasoning  Preserving  Timber.— Measurement  of 
Timber.— alloys,  Paints,  Varnishes.— Data  for  Stowage.— Admiralty  Trans- 
port Regulations.  — Rules  for  Horse-power,  screw  Propellers,  &c.— per. 
cbntages  for  butt  straps.  &c.— Particulars  of  Yachts.— Masting  and  Rigging 
Vessels.— Distances  of  Foreign  Ports.— Tonnage  Tables.— Vocabulary  of 
French  and  English  Terms.  —  English  Weights  and  measures.  —  Foreign 
Weights  and  Measures.— Decimal  equivalents.— foreign  Money.— Discount 
and  Wages  Tables.— useful  Numbers  and  Ready  reckoners.- Tables  of 
Circular  measures.- Tables  of  Areas  op  and  Circumferences  of  Circles.— 
Tables  of  Areas  of  Segments  of  Circles.- Tables  of  Squares  and  Cubes  and 
Roots  of  Numbers.— Tables  of  Logarithms  of  Numbers.— Tables  of  Hyper- 
bolic LOGARITHMS.— Tables  of  Natural  Sines,  Tangents,  &c.— Tables  of 
Logarithmic  Sines,  Tangents,  &c. 

"In  these  days  of  advanced  knowledge  a  work  like  this  is  of  the  greatest  Tslue.  It  contains 
a  rau  amount  of  iniormation.  We  unhesitatingly  say  that  it  is  the  most  valuable  compilation  for  its 
specific  purpose  that  has  ever  been  printed.  No  naval  architect,  engineer,  surveyor,  or  seaman, 
wood  or  tron  shipbuilder,  can  affoid  to  be  without  this  work."— NauUca/  Magaritw. 

"  Should  be  used  by  all  who  are  engaged  in  the  construction  or  design  of  vessels.  .  .  .  Will 
be  found  to  contain  the  most  useful  tables  and  formulae  required  by  shipbuilcTers.  carefully  collected 
from  the  best  authorities,  and  put  together  in  a  popular  and  simple  form.  "The  book  is  one  of 
exceptional  merit." — Enginttr. 

"  The  professional  shipbuilder  has  now,  in  a  convenient  and  accessible  form,  reliable  data  for 
solving  many  of  the  numerous  problems  that  present  themselves  in  the  course  of  his  ■work."— Iron. 

"  There  is  no  doubt  that  a  pocket-book  of  this  description  must  be  a  necessity  in  the  Ship- 
building trade.  .  .  The  volume  contains  a  mass  of  useful  Information  clearly  expressed  and 
presented  in  a  bandy  form." — Maritu  Engitutr, 

WANNAN'5  MARINE  ENOINEER'5  QUIDE 

To  Board  of  Trade  Examinations  for  Certificates  of  Competency.  Containing 
all  Latest  Questions  to  Date,  with  Simple,  Clear,  and  Correct  Solutions ; 
Elementary  and  Verbal  Questions  and  Answers;  complete  Set  of  Drawings 
with  Statements  completed.  By  A.  C.  Wannan,  C.E.,  and  £.  W.  I.  Wannan, 
M.I.M.E.     Illustrated   with   numerous   Engravings.    Crown  8vo,    370  pp^, 

8/ 


cloth 8/6 

"  The  book  is  clearly  and  plainly  written  and  avoids  unnecessarv  explanations  and  form 
and  we  consider  it  a  valuable  book  for  students  of  marine  engineering.  -Aow/ira/  MagoMine. 


WANNAN'S  MARINE  ENQINEER'5  POCKET-BOOK. 

Containing  the  Latest  Board  of  Trade  Rules  and  Data  for  Marine  Engineers. 
By  A.  C.  Wannan.     Second  Edition,  carefully  Revised.     Square  i8mo,  with 

thumb  Index,  leather 6/0 

"  There  is  a  great  deal  of  useful  information  in  this  little  pocket-book.    It  is  of  the  rule-of- 

thumb  order,  and  is,  on  that  account,  well  adapted  to  the  uses  of  the  sea-going  engineer."— 

Engineer. 

L.  B 
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MARINE  ENQINE3  AND  STEAM  VE35EL5. 

A  Treatise  on.  By  Robbkt  Murjiav,  CE.  Eighth  Edition,  thorooghly 
Revised,  with  considerable  Additions  by  the  Author  and  by  Gborgb 
Caruslb,  C.E.,  Senior  Surveyor  to  the  Board  of  Trade,     xamo,  cloth  .    4>/6 

5EA  TERM5,  PHRA5E5,  AND  W0RD5 

(Technical  Dictionary  of)  used  in  the  English  and  French  Langnagcs 
i^nglish-French,  French-English).  For  the  Use  of  Seamen,  Engineers,  raots, 
Shipbuilders,  Shipowners,  and  Ship-brokers.  Compiled  by  W.  Pikxib,  late  of 
the  African  Steamship  Company.     Fcap.  8vo,  cloth  limp  .    fi/O 

>  This  volume  will  b«  hlfllUy  appreciated  by  seamen,  engineers,  pilocs.  shipbuOdan  and  ship- 

inaerAillv  accurate  and  complete. '^-StfviiniMK.       .... 

lary,  which  has  loncf  "  -  -      -  .  —     ..  . 

nasters,  officeis  and  others."— 5Af>^>v^  W»rti, 


owners.    It  will  be  found  wondertuuy  accurate  ana  complete,  —.mmxhmk. 

A  very  useful  dictionary,  which  has  Ions:  been  wanted  by  Fiench  and  English 


ELECTRIC  SHIP-LIQHTINQ. 

A  Handbook  on  the  Practical  Fitting  and  Running  of  Shi]^'  Electrical  Plant, 
for  the  Use  of  Shipowners  and  Builders,  Marine  Electricians  and  Sea-j^dng 
Engineers  in  Charge.     By  T.  W.  Urquhart,  Author  of  "  Electric  Light, 
"Dynamo  Construction.     &c.       Second   Edition,   Revised  and   Extended. 
326  pp.,  with  88  Illustrations.    Crown  8vo,  doth.  \Jiut  Published,    7/6 

MARINE  ENQINEER'3  POCKET-BOOK. 

Consisting  of  useful  Tables  and  Formulae.     By  Frank  Proctor,  A. I.N. A. 

Third  Edition.    Royal  3amo,  leather,  gilt  edges,  with  strap    .        .        .    4-/0 

"  We  recommend  it  to  our  readers  as  going  for  to  supply  a  loog-feit  want."— J^«t«/  Sdenct, 
"  A  most  useful  companioo  to  all  marine  engineers."— 6wtetf  Service  GttMttU, 

ELEMENTARY  ENQINEERINQ. 

A  Manual  for  Young  Marine  Engineers  and  Apprentices.  ^  In  the  Form_  of 
Questions  and  Answers  on  Metals^  Alloys,  Strengtn  of  Materials,  ConstructioD 
and  Management  of  Marine  Engines  and  Boilers,  Geometry,  &c.,  &c.  With 
an  Appendix  of  Useful  Tables.     By  J.  S.  Brbwbr.    Crown  8vo,  cloth  .    1/6 

"  Contains  much  valuable  infonnation  for  the  class  for  whom  it  is  intended,  espedaDy  in  the 
chapters  on  the  management  of  boilers  and  engines."— AismAfca/  MaguMitu. 

PRACTICAL  NAVIGATION. 

Consisting  of  Thb  Sailor's  Sba-Book,  by  James  Grbbnwood  and  W.  H. 
RossBR ;  together  with  the  exquisite  Mathematical  and  Nautical  Tables  for 
the  Working  of  the  Problems,  by  Hbnry  Law,  C.E.,  and  Professor  J.  R. 
Young.     Illustrated,    zamo,  strongly  half-bound 7/0 

THE  ART  AND  SCIENCE  OP  SAILMAKINQ. 

By  Samubl  B.   Sadler,   Practical  Sailmaker,  late  in  the  employment  of 

Messrs.  Ratsey  and  Lapthome,  of  Cowes  and  Gosport.     With  Plates  and 

other  Illustrations.    Small  410,  cloth 1 2/6 

"  This  extremely  practical  work  gives  a  complete  education  in  aD  the  branches  of  the  mann- 
lacture,  cutting  out,  roping,  seaming,  and  goring.  It  is  copiously  illustrated,  and  will  Conn  a  first- 
rate  text-book  and  ^CaT— Portsmouth  Times. 

CHAIN  CABLES  AND  CHAINS. 

Comprising  Sizes  and  Curves  of  Links,  Studs,  &c.,  Iron  for  Cables  and  Chains, 
Chain  Cable  and  Chain  Making,  Forming  and  Welding  Links,  Strength  of 
Cables  and  Chains,  Certificates  for  Cables,  Marking  Cables,  Prices  of  Clhain 
Cables  and  Chains,  Historical  Notes,  Acts  of  Parliament,  Statatonr  Tests, 
Charges  for  Testing,  List  of  Manufacturers  of  Cables,  &c.,  &c  Br 
Thomas  W.  Traill,  F.E.R.N.,  M.Inst.C.E.,  Engineer-Surveyor-in-Ouei, 
Board  of  Trade,  Inspector  of  Chain  Cable  and  Anchor  Proving  Establishments, 
and  General  Superintendent  Lloyd's  Committee  on  Proving  Establishments. 
With  numerous  Tables,  Illustrations,  and  Lithographic  Iirawings.  Folio, 
cloth,  bevelled  boards £2  2b. 


»t ' 


It  contains  a  vast  amount  of  valuable  infonnation.    Nothing  iiiiniiii  to  be  wntkig  to  make  it 
a  complete  and  standard  work  of  rafenmce  on  the  sublect.''— AtowWra/  Magmmim, 
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MINING,    METALLURGY,    AND 
COLLIERY  WORKING. 


THE  MBTALLURQY  OP  GOLD. 

A  Practical  Treadae  on  the  Metallnrsical  Treatment  of  Gold>bearing  Ores. 
Including  the  Assaying,  Melting,  anc  Refining  of  Gold.  By  M.  Eissler, 
Mining  Engineer,  A.I.M.E.,  Member  of  the  Institute  of  Mining  and  Metal- 
lurgy. Author  of  "  Modem  High  Explosives,"  "  The  Mciallurg>'  of  Silver," 
&C.,  &c.  Fifth  Eldition,  Enlarged  and  Re-arranged.  With  over  300  illustra- 
tions and  numerous  Folding  Plates.    Medium  Svo,  cloth. 

[Just  Publishsd.    AV/21/0 
"  This  book  thoRMqrhW  deservw  its  title  of  a  '  Practical  Treatise. '    The  whole  process  of  gold 
Jo!SBbi^,  from  the  breaking  01  the  quartz  to  the  assay  of  the  bullion,  is  described  in  dear  and  oroerijr 
naiiative  and  with  much,  but  not  too  much,  fulness  of  detaiL" — Saturday  Review. 

"  The  work  is  a  storehouse  of  infonnation  and  valuable  data,  and  we  stroofiriy  recommend  it 
to  all  piotesional  men  engaged  in  the  gold-mining  industry."— JAh^v'  yotmoL 

THB  CYANIDE  PR0CE55  OP  GOLD  EXTRACTION. 

Including  its  Practical  Application  on  the  Witwatersrand  Gold  Fields  in  South 
Africa.  By  M.  Eisslkr,  M.E.,  Author  of  "The  Metallurgy  of  Gold,"  &c. 
With  Diagrams  and  Working  Drawings.    Secood  Edition,  Revised  and  En* 

Urged.    Svo,  cloth 7/6 

"  This  book  Is  Just  wtiat  was  needed  to  acquaint  mining  men  with  the  actual  working  of  a 
process  which  is  not  only  the  icost  popular,  but  £1,  as  a  genmal  lule,  the  most  successfiil  for  the 
extnction  of  gold  from  tailings,  "-^ifmtfiv  y^urHol. 

"  The  work  wiU  prove  uiTaluable  to  au  tnteiested  In  gold  mining,  whether  metaJhuglsts  or  as 
lntmiton."—CJUmi<ui  News. 

DIAMOND  DRILLING  FOR  QOLD  &  OTHER  MINERALS. 

A  Practical  Handbook  on  the  Use  of  Modem  Diamond  Core  Drills  in  Pro- 
specting and  Exploiting  Mineral-Bearing  Properties,  including  Particulars  of 
the  Costs  of  Apnaratus  and  Working.  By  G.  A.  Dknny.  M.N.E.  Inst.  M.E., 
M.I.M.  andM.  Author  of  "  The  Klerkjidorp  Goldfields."  Medium  Svo, 
168  pp.,  with  Illustrative  Diagrams.  [Just  Published.    1 2/6 

"  There  is  certainly  scope  for  a  work  on  di  unond  drilling,  and  Mr.  Denny  deserves  grateful 
recognition  for  supplying  a  decided  want.  We  strongly  recommend  every  board  of  directors  to 
earetuBy  peruse^the  pages  treating  of  the  applicability  of  diamond  drilling  to  auriferous  deposits,  and. 
under  certain  conditions,  its  advantages  over  shaft  sinking  for  systematic  prospecting,  both  from  the 
surface  and  underground.  The  author  has  given  us  a  valuable  volume  of  eminently  practical  data 
that  should  be  in  the  possession  of  those  interested  in  Tmrnng."— Mining  Vou^nal. 

"  Mr.  Denny's  handbook  is  the  first  English  work  10  give  a  detailed  account  of  the  use  of 
modern  diamond  core-drills  in  searching  for  mineral  deposits.  The  work  contains  much  informarion 
of  a  practical  character,  including  particulars  of  the  cost  of  apparatus  and  of  working."— ^a/MiY. 

FIELD  TESTING  FOR  GOLD  AND  SILVER. 

A  Practical  Manual  for  Prospectors  and  Miners.  By  W.  H.  Merritt, 
M.N.E.  Inst.  M.E.,  A.R.S.M.,  &c.  With  Photographic  Plates  and  other 
Illustrations.    Fcap.  Svo,  leather.  {Jitst  Publislud.    Net    5/0 

"As  an  instructor  of  prospectors* classes  Mr.  Merritt  has  the  advantage  of  knowing 

exactly  the  mformation  likely  to  be  most  valuable  to  the  miner  in  the  field.    The  contents  cover 

all  the  details  of  sampling  and  testing  gold  and  silver  ores.     The  work  will  be  a  useful  addition  to  a 

prospector's  )t\!i.*'—MiHitw  yournal. 

"  It  gives  the  gbt  oflhe  author's  experience  as  a  teacher  of  prospectors,  and  is  a  book  which 

no  prospector  could  use  habitually  without  finding  it  pan  out  yi€^ —Scotsman. 

THE  PROSPECTOR'S  HANDBOOK. 

A  Guide  for  the  Prospector  and  Traveller  in  search  of  Metal- Bearing  or  other 
Valuable  Minerals.  Bv  T.  W.  Andbrscn,  M.A.  (Camb.),  F.R.G.S.,  Author 
of  "Fiji  and  New  Caledonia."  Eighth  Edition,  thoroughly  Revised  and 
much  Enlarged.  Small  crown  Svo,  cloth,  8/6  ;  of)  leather,  pocket-book  form, 
with  tuck.  [Just  Publishsd.    4/6 

"  WIU  supply  a  much-CsIt  want,  aspeclalhr  among  Colonists,  in  whose  way  are  so  often  thrown 
many  minetalogical  specimens  the  value  of  which  it  is  difficult  to  determine."— £»vt>M«r. 

"How  to  find  commercial  minerals,  and  how  to  identify  them  when  they  are  ftmnd,  are  the 
leading  points  to  which  attentiop  is  directed.  The  autlior  has  managed  to  pack  as  much  practical 
detail  mto  bis  pages  as  woukl  supply  material  for  a  book  three  tiniestts  siae.  — Jtfvunr  79**rnai, 

H  a 
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THE  METALLURGY  OP  5ILVER. 

A  Practical  Treatise  on  the  Amalgamation,  Roasdn|(,  and  Ltsdviation  of  SD^ 
Ores.  Including  the  Assaying,  Melting,  and  Refinmg  of  Sih'er  BttUioo.  By 
M.  EissLBR,  Author  of  ''The  Metallurgy  of  Gold,"  &c.  Third  Edition. 
Crown  8vo,  doth 1 0/6 

"  A  practical  treadae,  and  a  technical  work  wMch  ««  ara  convinced  wflB  npply  a  loog-fclt 
want  amongst  practical  men,  and  at  the  same  time  be  of  value  to  students  and  omeis  indi»ectiy 
connected  with  the  industries."— A^iMuif  ycumal. 

"  From  first  to  last  the  book  is  thoroughly  sound  and  leliable."— Ctf/Mrty  CweidMew. 

"  For  chemists,  practical  miners,  asaayers,  and  investors  alike  we  do  not  know  of  any  work 
on  the  subject  so  handy  and  yet  so  comptehensive.'*— ^^iMSpyw  Herald, 

THE  METALLURGY  OF  ARGENTIFEROUS  LEAD. 

A  Practical  Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Refining  of 
Lead  Bullion.  Including  Reports  on  various  Smelting  Establishments  and 
Descriptions  of  Modem  Smelting  Furnaces  and  Planu  in  Europe  and  America. 
By  M.  EissLKR,  M.E.,  Author  of  "  The  Metallurgy  of  Gold,"  &c  Crown  8vo, 
400  pp.,  with  183  Illustrations,  cloth 12/0 

"  The  numerous  metallurgical  processes,  which  are  fully  and  extensively  treated  oC  embraoo 
an  the  stages  experienced  in  the  passage  of  the  lead  from  the  vaiioos  natural  states  to  its  isane  from 
the  refinery  as  an  article  of  commerce.  —Practical  Engineer. 

"  The  present  volume  fuDy  maintains  the  reputation  of  the  autboc.  Thoae  who  wish  to  obiaia 
a  thorough  insight  into  the  present  state  of  this  inaustry  cannot  do  better  than  read  this  vohiae,  and 
all  mining  engineers  cannot  fidl  to  find  many  useful  hints  and  suggestions  In  tL-^/wrfm^-to. 

METALLIFEROUS  MINERALS  AND  MINING. 

By  D.  C.  Daviks,  F.G.S.,  Mining  Engineer.  Sixth  Eldition,  thoroughly 
Revised  and  much  Enlarged  by  his  Son,  £.  Hbnrv  Davibs,  M.E.,  F.G.S. 
600  pp.,  with  173  Illtistrations.    Large  crown  8vo,  cloth 

[Just  Published.    Net  t2ie 

"  Neither  the  practical  miner  nor  the  general  reader,  httetested  in  mines,  can  haw  a  better 
book  for  his  companion  and  his  guide."— Afiiw'*^  y«ttmai. 

"  We  are  doing  our  readers  a  service  in  calling  their  attention  to  tUs  valuable  work.*— 
MiMine  World. 

'~As  a  history  of  the  present  state  of  mining  throughout  the  world  this  book  has  a  real  value, 
and  It  supplies  an  actual  -mvoxJ'-^Athtnetuin, 

MACHINERY  FOR  METALLIFEROUS  MINES. 

A  Practical  Treatise  for  Mining  Engineers,  Metallurgists,  and  Managers  of 
Mines.  By  E.  Hbnrv  Davibs,  M.E.,  F.G.S.  Crown  Svo,  580  pp.,  with 
npwardsof  300  Illustrations,  doth. 12/6 

"  Mr.  Davies,  in  this  handsome  volume,  has  done  the  advanced  student  and  the  manager  of 
mines  good  service.  Almost  every  kind  of  machinery  in  actual  use  Is  carefully  described,  and  the 
woodcuts  and  plates  are  good."— yf<A«M4rM«K. 

"  From  cover  to  cover  the  work  exhibits  all  the  same  characteristics  whkh  exdte  the  confi- 
dence and  attract  the  attention  of  the  student  as  he  peruses  the  first  page.  The  work  may  safciy 
be  recommended.  By  its  publication  the  literature  connected  with  tne  industry  wiD  be  enriched 
and  the  reputation  of  its  author  enhanced."— itfbi««v^  y»HmmL 

EARTHY  AND  OTHER  MINERALS  AND  MINING. 

By  D.  C.  Davibs,  F.G.S.,  Author  of  "  Metalliferous  Minerals,"  &c.  Thbd 
Edition,  Revised  and  Enlarged  by  his  Son,  E.  Hbhky  Davibs,  M.E.,  F.G.S. 
With  about  xoo  Illustrations.    Crown  Svo,  cloth 1 2/6 


**  We  do  not  remember  to  have  mat  with  any  EngHah  work  on  mining  mattew  that 
the  same  amount  of  Information  packed  in  equally  convenient  form."— ^4 


"  We  should  be  inclined  to  rank  It  as  among  the  very  beat  of  the  handy  lerhidrel  and  trades 
manuals  which  have  recently  appeared. "--^rMM^iMrtfrr^y  Review. 

BRITISH  MINING. 

A  Treatise  on  the  History,  Discovery,  Practical  Development,  and  Funre 
Prospects  of  Metalliferous  Mines  in  the  United  Kii^gdoin.  By  RoBXitT 
Hunt,  F.R.S.,  late  Keeper  of  Mining  Reonds.  Upwards  of  950  pp.,  with 
330  Illustrations.   Second  Edition,  Revised.    Super>royal  Svo,  cloth    Jc2  2s> 

"  The  book  Is  a  treasure-house  of  statistical  informatiao  on  mining  subjects,  and  wo  know  of 
no  other  work  embodying  so  great  a  mass  of  matter  of  this  Idnd.  were  tUs  the  only  merit  of 
Mr.  Hunt's  volume  it  would  be  sufficient  to  tender  it  Indispensable  in  the  Kbraiy  of  every  one 
interested  In  the  devetopmcnt  of  the  mining  and  meraPnrgical  Indiistites  of  ttis  oooatiy.''— 
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POCKET-BOOK  FOR  MINERS  AND  METALLURGISTS. 

Comprising  Rules,  FormuUe,  Tables,  and  Notes  for  Use  in  Field  and  Office 
Work-  By  F.  Danvbrs  Power,  F.G.S.,  M.E.  Second  Edition,  Correaed. 
Fcap.  8vo,  leather.  [Just  Published.    9/0 

"  This  exceCent  book  is  an  admirable  example  of  its  Icind.  and  ougrlit  to  find  a  laige  sale 
amongst  English -speaking:  prospectors  and  mining  cnginuers  "^EnginttriHg^. 

THE  MINER'S  HANDBOOK. 

A  Handy  Book  of  Reference  on  the  subjects  of  Mineral  Deposits,  Minine 

Operations,  Ore  Dressing,  &c.     For  the  Use  of  Students  and  others  interested 

in  Miiiine  Matters.     By  John  Milne,   F.R.S.,  Professor  of  Mining  in  the 

Imperial  University  of  Japan.     Revised  Edition.     Fcap.  8vo,  leather    .     7/6 

**  ProfesK>r  Milne's  handbook  is  sure  to  be  received  with  favour  by  all  connected  with 
mining,  and  will  be  extremely  popular  among  fX\xAeaxs.''—AthenaurH. 

THE  IRON  ORES  of  GREAT  BRITAIN  and  IRELAND. 

Their  Mode  of  Occurrence,  Age  and  Origin,  and  the  Methods  of  Searching  for 
and  Working  Them.  With  a  Notice  of  some  of  the  Iron  Ores  of  Spain.  By 
J.  D.  Kendall,  F.G.S.,  Mining  Engineer.    Crown  8vo,  cloth   .        .    18/0 

"  The  author  has  a  thorough  practical  knowledge  of  his  subject,  and  has  supplemented  a 
carafiil  study  of  the  available  fiterature  by  unoubUshea  informatioo  derived  from  his  own  obtenrs. 
ti<»s.  The  result  is  a  very  useful  volume,  which  cano'K  fail  to  be  of  value  to  all  inteiested  in  the 
iron  industry  of  th^  country."— /iMfjur/rief. 

MINE  DRAINAGE. 

A  Complete  Practical  Treatise  on  Direct-Acting  Underground  Steam 
Pumping  Machinery.  By  Stephen  Michbll.  Second  Edition,  Re- written 
and  Enlarged,  390  pp.     With  about  250  Illustrations.     Royal  8vo,  cloth. 

Ut*si  Published.    Net    26/0 

SUMMARY  OP  CONTHNTS:— HORIZONTAL  PUMPINc;  EN(;iNRS.— ROTARY  AND  NON- 
ROTARY Horizontal  Enoinrs.— Simplh  and  Compound  Steam  Pumps.— Vertical 
PUMPING  IiNc.iNRs.— Rotary  and  No.v-Rotary  Vertical  Encwnrs.— simplk  and 
Compound  Steam  Pumps.— Triple-Expansion  steam  pumps.— Pulsating  steam 
PUMPS.— PUMP  Valves.— Sinking  Pumps,  &c..  &c. 

"This  volume  contains  an  immense  amount  of  important  and  interesting  new  matter. 
The  book  should  undoubtedly  prove  of  great  use  to  all  who  wish  for  information  on  the  sub- 
ject, inasmuch  as  the  different  patterns  of  steam  pumpi  are  not  alone  lucidly  deicribed  and 
clearly  illustrated,  but  in  addition  numerous  tables  are  supplied,  in  which  their  sizes,  capacity, 
price,  &c.,  are  set  fortli,  hence  facilitating  immensely  the  rational  selection  of  a  pump  to  suit 
any  purpose  that  the  reader  may  desire,  or,  on  the  other  hand,  supplying  him  with  useful 
inlormation  about  any  of  the  pumps  that  come  within  the  scope  of  the  volume."—  Ttu  Engineer. 

THE  COLLIERY  MANAGER'S  HANDBOOK. 

A  Comprehensive  Treatise  (m  the  Laying-out  and  Working  of  Collieries. 
Designed  as  a  Book  of  Reference  for  Colliery  Managers,  and  for  Uie  Use  of  Coal 
Mining  Students  preparing  for  First-class  Certificates.  By  Caleb  Pamblt, 
Mining  Engineer  and  Stirveyor ;  Member  of  the  North  of  Eneland  Institute  of 
Mining  and  Mechanical  En^neers;  and  Member  of  the  South  Wales  Institute 
of  Mining  Engineers.  ^  With  700  Plans,  Diagrams,  and  other  Illustrations. 
Fourth  Edition,  Revised  and  Enlarged,  mediiun  8vo,  over  900  pp. 
Strongly  bound £1   Os. 

Summary  op  Contbnts  :—Gbolocv.— Search  for  Coal.— Minbral  lbasbs 
and  other  Holdings.— shaft  Sinking.— Fitting  Up  the  Shaft  and  Surpacb 
arrangements.— steam  boilers  and  their  fittings.— timbering  and  walling.— 
Narrow  work  and  Methods  op  Working.  —  Underground  conveyance.  — 
Drainage.- the  Gases  met  with  in  Minks  ;  Ventilation.— on  the  Friction  of 
AIR  IN  Mines.— THE  pribstuan  oil  Engine;  Petroleum  and  Natural  Gas.— 
Surveying  and   Planning.— Safety  Lamps  and  Firedamp  Detectors Sundry 

AND  incidental  OPERATIONS  AND  APPLIANCES.— COLLIERY  EXPLOSIONS.— MiSCEL* 
LANEOUS  (^-'BSTIONS  AND  ANSWERS.— ^//CW^ur;  SUMMARY  OF  RBPORT  OF  H.M. 
COMMISSIONERS  ON  ACCIDENTS  IN  MINES. 

"  Mr.  Famdy  has  not  only  i^ven  us  a  comprehensive  reference  book  of  a  very  high  order, 
suitable  to  the  re<iuirements  of  mming  en^neers  and  colliery  managers,  but  has  also  provided 
mining  students  with  a  class-book  tliat  is  as  mteresting  as  it  Is  instructive." — CcilUry  Managtr. 

"  Mr.  Pamaly'A  work  is  eminently  suited  to  the  purpose  (or  which  it  is  intended,  being  clear, 
taiteresthig,  exhaustive,  rich  in  detail,  and  up  to  date,  giving  descriptions  of  the  latest  machines  in 
every  department.  A  mining  engineer  could  icarcely  go  wrong  who  followed  this  work."— C«tf^l(fy 
Guardian. 

"This  is  the  most  complete  'all-round'  work  on  coal-mlnlng  published  In  the  English 
language.  ...  No  library  of  coal-mining  books  is  complete  without  yxJ^—CoUUry  Btigttuer 
(Scnmtoo,  Pa.,  U.S.A.). 
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COLLIERY  WORKING  AND  MANAQBMBNT. 

Comprising  the  Duties  of  a  Colliery  Manager,  the  Oversight  and  Anrange> 

ment  of  uibour  and  Wages,  and  the  dinerent  Systems  of  Working  Coal 

Seams.      By  H.   F.    Bulman  and  R.  A.  S.   Rbdmaynb.     350  pp.,  with 

28    Plates   and   other    lUustrations,    including    Underground    Photopaphs. 

Medium  8vo,  cloth.  [Just  Published.    15/0 

"  This  is,  indeed,  an  sdminMe  Handbook  for  CoDlerr  Managen.  in  fact  It  is  an  indbpansahla 

adUunct  10  a  Colliery  Manager's  education,  as  well  as  bong  a  most  useful  and  interestag  woik 

on  the  subject  for  all  who  in  any  way  hare  to  do  with  coal  mimng.    The  underground  pbocograplis 

are  an  attractive  feature  of  the  worle,  being  very  lifelike  and  necessarily  true  rfpiewntnrieni  of  the 

scenes  they  depict."— O/ZAery  Gumrdtan. 

Mr.  Bulman  and  Mr.  Redmayne,  who  are  both  experienced  CoOlefy  Maaagets  of 


Bterary  ability,  are  to  be  congratulated  on  having  supplied  an  authoritative  work  dealimr  with  a  ride 
of  the  subject  of  coal  mining  which  has  hitherto  received  but  scent  treatment,  ^le  anthors 
elucidate  their  text  by  zie  wooidcuts  snd  a8  plates,  most  of  the  laner  being  admirable  reprodoctkios 
of  photomphs  taken  underground  with  the  aid  of  the  magnesium  flashlight.  These  Jhwtrarioos 
>-ire  excdlent."— ^o/wrv. 

COAL  AND  COAL  MINING. 

By  the  late  Sir  Warington  W.  Smyth,  F.R.S.,  Chief  Inspeaor  of  the 
Nlines  of  the  Crovm.  Eighth  E^lition,  Revised  and  Extended  by  T.  Fobstkb 
Brown,  Mining  Engineer,  Chief  Inspector  of  the  Mines  of  the  Crown  and 
of  the  Duchy  of  Cornwall.    Crown  Svo.  cloth.  i/ust  Published.    8/6 

"  As  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as  oftbe 

principal  methods  of  working,  the  Sook  will  doubtless  interest  s  very  large  number  of  leadaBS."— 

Mining  y^urnal, 

NOTES  AND  PORMUL/C   FOR  MINING  5TUDENT5. 

By  John  Herman  Mbrivalk.  M.A.,  Late  Professor  of  Mining  in  the  Durham 

College  of  Science,  Newcastle-upon-Tyne.      Fotuth   Edition,  Revised  and 

Enlarged.     By  H.  Y.  Bulman,  A.M.Inst.C.E.    Small  crown  Svo,  doth.    2/6 

"  The  author  has  done  his  work  in  a  creditable  manner,  and  has  produced  a  book  that  wia 

be  of  service  to  students  and  those  who  are  practically  engaged  in  mining  operations.* — Enginmr. 

INFLAMMABLE  GAS  AND  VAPOUR  IN  THE  AIR 

(The  Detection  and  Measurement  of).  By  Frank  Clowbs,  D.Sc,  Loud., 
F.I.C.,  Prof,  of  Chemistry  in  the  University  College,  Nottingham.  With  a 
Chapter  on  The  Dbtbction  and  Mkasurbmbnt  op  Pbtrousum  VArotTR 
by  Bovbrton  Rbdwood,  F.R.S.E.,  Consulting  Adviser  to  the  Corporatioo 
of  London  under  the  Petroleum  Acts.     Crown   8vo.  doth.  iNti  0^ 

"  Professor  Qowes  has  given  us  a  volume  on  a  subject  of  much  mdustrial  Importance    .    .    . 

Those  Interested  in  these  matters  may  be  recommended  to  study  this  book,  which  is  < 

bension  and  contains  many  good  things."— 7*4/  Enginur. 

"  A  boolc  that  no  mining  engineer— cestainly  no  coal  ndnar— can  afford  to  ignore  or  to 

unread."— AftMtf NT  yvumal, 

COAL  ft  IRON  INDUSTRIES  of  the  UNITED  KINGDOM. 

Comprising  a  Description  of  the  Coal  Fields,  and  of  the  Principal  Seams  of 
Coal^  with  Returns  of  their  Produce  and  its  Distribution,  and  Analyses  of 
Special  Varieties.  Also,  an  Account  of  the  Occurrence  of  Iron  Ores  in  Veins  or 
Seams ;  Analyses  of  each  Variety ;  and  a  History  of  the  Rise  and  Progress  of 
Pig  Iron  Manufacture.  By  Richard  Mbadb.  8vo,  cloth  .  .  £1  8a. 
"  Oithis  book  we  may  unreservedly  say  that  it  is  the  best  of  its  class  which  we  have  ever 

met.  ...  A  book  of  reference  which  no  one  engaged  in  the  iron  or  coal  trades  should  omit  Creai 

bis  library."— /rvH  and  Ccm/  Trmdes  Rtvi€w. 

A5BE5T05  AND  A5BE5TIC. 

Their  Properties.  Occurrence,  and  Use.  By  Robbrt  H.  Jonbs,  F.S.A., 
Mineralogist,  Hon.  Mem.  Asbestos  Club,  Black  Lake,  Canada.  With 
Ten  Collotype  Plates  and  other  Illustrations.  Demy  8vo,  doth. 

[Just  Publishsd.    16/0 
"  An  interesting  and  invaluable  work."— C^JMrny  Gumrdian. 

GRANITES  AND  OUR  GRANITE  INDUSTRIES. 

By  Gborcb  F.  Harris,  F.G.S.,  Membre  de  la  SodiU  Beige  de  G^olosie, 
Lecturer  on  Ek:onomic  Geology  at  the  Birkbeck  Institution,  &c.    With  Illm- 

trations.    Crown  8vo,  cloth 2/6 

"  A  dearly  and  weO-wtittan  manual  for  pewons  engaged  or  faiteiesled  taitbe  granila  IndBSCry.** 
—Scotsman. 

TRAVERSE  TABLES. 

For  use  in  Mine  Surveying.  By  W.  Lintbrn,  Mining  Engineer.  Crown 
Svo,  cloth.  [Just  Published.    Net    3/0 
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ENGINEERING,  &c. 


SUBMARINE  TELEQRAPH5. 

Their  History,  Construction,  and  Working.  Foanded  in  part  on  Wunschbn> 
DOHPP's  "  Traiti  de  Telegraphic  Sous-Marine/'  and  Compiled  from  Authorita* 
tive  and  Exclusive  Sources.  By  Chaklbs  Bright,  F.R.S.E.  Super-royal 
8vo,  about  780  pp.,  fuHy  Illustrated,  including  Maps  and  Folding  Plates. 

{Just  Published.     Net    £3  3s. 

"  There  are  few.  If  any.  persons  mote  fitted  to  write  a  treatise  on  submarine  telesmphy  than 

Mr.  Charles  Bright.    The  author  has  done  his  woric  admirably,  and  has  written  in  a  way  which  wiU 

appeal  as  much  to  the  layman  as  to  the  engineer.     This  admirable  volume  must,  for  many  yean  to 

come,  hold  the  position  of  the  English  classic  on  submarine  Xf^iign.'^Yiy"—Et%giruer. 

"  This  book  is  full  of  information.  It  makes  a  book  of  reference  which  should  be  In  erety 
engineer's  library."— A''a«Hrv. 

"  Mr.  Bright's  interestingly  written  and  admirably  Olustnted  book  wiU  meet  with  a  welcome 
reception  from  cable  m»n."^IiUtirMam 

"  The  author  deals  with  his  subject  from  all  points  of  view— political  and  strategical  as  well  as 
scientific.  The  work  will  be  of  interest,  not  only  to  men  of  science,  but  to  the  general  public.  We 
can  strongly  recommend  it." — AtJienautH. 

"  Tne  work  contains  a  great  stora  of  technical  information  concerning  the  making  and  work- 
of  submarine  telegraphs.     In  bringing  together  the  most  valuaUe  results  relating  to  the  evolu- 
tion of  the  telegraph,  the  author  has  renderad  a  service  that  wlU  be  very  widdy  appreciated."— 
MomiMf  Past. 

DYNAMO  ELECTRIC  MACHINERY. 

Its  Construction,  Design,  and  Operation  (Direct  Current  Machines).  By 
Samuel  Sheldon,  A.M.,  Ph.D.,  assisted  b}^  H.  Mason,  B.S.  Second 
Edition,  Revised.     Large  crown  8vo,  cloth.     With  203  illustrations. 

[Just  Pubiisked.    Net    10/6 

THE  ELECTRICAL  ENGINEER'S  POCKET-BOOK. 

Consisting  of  Modem  Rules.  FormulsB,  Tables,  and  Data.  By  H.  R.  Kbmpb, 
M.Inst.£.£.,  A.M.Inst.CE..  Technical  Officer  Postal  Telegraphs,  Author  of 
"A  Handbook  of  Electrical  Testing,"  "The  Engineer's  Year-Book,"  &c 
Second  Edition,  thoroughly  Revised,  with  Additions.  With  numei;pU8  Illus* 
trations.    Royal  samo,  oblong,  leather 0/O 

"  It  is  the  best  book  of  its  ^siaAr—EiectrUtU  Engineer. 

**  The  Electrical  Engineer's  Pocket-Book  is  a  good  one."— A/drMctew. 

**  Strongly  recommended  to  those  engaged  in  the  electrical  industries."— fAr/riea/  Revtem. 

ELECTRIC  LIGHT  PITTINQ. 

A  Handbook  for  Working  Electrical  Engineers,  embodying  Practical  Notes  00 
Installation  Management.  By  J.  W.  Urquhart,  Electrician,  Author  of 
"Electric  Light,  &c  With  numerous  Illustrations.  Third  Edition, 
Revised,  with  Additions.    Crown  8vo,  cloth.  [Just  Publishtd.    5/0 

**  This  volume  deab  with  what  may  be  termed  the  mechanics  of  electric  lighting,  and  is 
addraned  to  men  who  are  alreadjy  engaged  in  the  work,  or  are  training  for  it.  The  work  traverses 
a  great  deal  of  ground,  and  may  be  read  as  a  sequel  to  the  same  author's  uieftil  work  on  *  Electric 
light. '  "^Electrieimn. 

ELECTRIC  LIGHT. 

Its  Production  and  Use,  Embodying  Plain  Directioos  for  the  Treatment  of 
Dynamo-Electric  Machines,  Batteries,  Accumulators,  and  Electric  Lamps. 
By  J.  W.  Ukquhart,  C.E.  Sixth  Edition,  Revised,  with  Additions  and  145 
Illustrations.    Crown  8vo,  cloth.  [Just  Published.    7/6 

*' The  whole  ground  of  electric  lighting  Is  aaoieor  leas  coverad  and  explained  in  a  very  dear 
and  concise  niMnnex."—Eiectrtcai  Review. 

"  A  vadgmeeum  of  the  salient  fitcts  connected  with  the  idence  of  electrk  Hghtiag.'*— 
BtecSrieian. 

DYNAMO  CONSTRUCTION. 

A  Practical  Handbook  for  the  Use  of  Engineer-Constructors  and  Electridans- 
in-Charge.  Embracing  Framework  BuUding,  Field  Magnet  and  Armature 
Winding  and  Grouping,  Compounding,  &c.    By  J.  W.  XJrquhakt.    Second 

Edition,  Enlarged.    Crown  8vo,  cloth 7/6 

**Mr.  Urquharfs  book  Is  the  firtt  one  which  deals  with  these  matters  In  inch  a  way  that  the 
englneeriBg  student  can  undancand  them.    The  book  is  venr  readable,  and  the  author  leads  hia 
.._...  . .     .      .        _  ."^Ettt  -     • 


up  to  dUficuk  subjects  by  reasonably  simple  xme%.''^EngifuerHtg  Revi, 
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THE  MANAQBMENT  OP  DYNAMOS. 

A  Handy  Book  of  Theory  and  Practice  for  the  Use  of  Mechanics,  E^ngineers 
Students,  and  others  in  Charge  of  Dynamos.    By  G.  W.  Lumui5*Pateksom. 
Second  Edition,  thoroughly  Revised  and  Enlarged.    With  numerous  Illustra> 
tions.    Crown  8vo,  cloth.  (/«f/  Published.    4/8 

"  An  example  which  deserres  to  be  taken  as  a  model  by  other  authon.    The  subject  Is  treated 
ki  a  manner  whico  any  intelligent  man  who  b  fit  to  be  entrusted  with  charffe  of  an  engine  should 
be  able  to  understand.    It  is  a  useful  book  to  all  who  make,  tend,  or  employ  electric  machinery. 
— 'Architect, 


THE  STANDARD  ELECTRICAL  DICTIONARY. 

A  Popular  Encyclopeedia  of  Words  and  Terms  Used  in  the  Practice  of  Electrical 
Engineering.  By  T.  O'Conor  Sloakb,  A.M.,  Ph.D.  Second  Edition, 
with  Appendix  to  date.    Crown  8vo,  680  pp.,  390  Illustrations,  cloth. 

i/ust  PiMishsd.    7/6 

"  The  work  has  many  attractive  features  fai  it,  and  Is,  bevond  doubt,  a  weD  put  together  and 
useful  publication.  The  amount  of  ground  covered  may  be  gathered  hoax  the  fact  that  in  the  Index 
about  5,600  references  will  be  found.  —£^<ecM«/  Rtvitw, 

ELECTRIC  SHIP-LIQHTINO. 

A  Handbook  on  the  Practical  Fittins^  and  Running  of  Ships'  Electrical  Plant. 
For  the  Use  of  Shipowners  and  Builders,  Marine  Electricians,  and  Seagmng 
Engineers-in-Charge.  By  J.  W.  Urquhart,  C.E.  Second  Edition,  Revised 
ana  Extended.    326  pp.,  with  88  Illustrations,  Crown  8vo,  cloth. 

U^t  Puhluiud.    7/6 

"The  subject  of  ship  electric  lighting  Is  one  of  vast  fanpoitance,  and  Mr.  Urquhait  is  to  be 
highly  compllm«ited  for  placing  such  a  valuable  work  at  the  service  of  nuuine  electnciaais.'' — Tkt 
SUamsM^. 

ELECTRIC  LIQHT  FOR  COUNTRY  HOUSES. 

A  Practical  Handbook  on  the  Erection  and  Running  of  Small  Installations, 

with  Particulars  of  the  Cost  of  Plant  and  Working.     By  J.  H.  Knight. 

Third  Edition,  Revised.    Crown  8vo,  wrapper.  [Just  PiMishtd,    1  /O 

"  The  book  contains  exceOent  advice  and  many  practical  Unts  for  the  help  of  those  who  wish 
to  light  their  own  houses.  "—BtMdine  News, 

ELECTRIC  LIQHTINO  (ELEMENTARY  PRINCIPLES  OF). 

By  Alan  A.  Campbell  Swinton,  M.InstCE.,  M.Inst.E.E.    Fourth  Edition, 

Revised.    With  z6  Illustrations.    Crown  8vo,  cloth.       [Just  Pubiisked.    1/6 

"  Any  one  who  desires  a  short  and  thoroughly  clear  exposition  of  the  elementoiy  principles  of 
electric  lighting  cannot  do  better  than  read  this  BttJe  work."— fro^^bmf  Okstrver, 

DYNAMIC    ELECTRICITY  AND   MAGNETISM. 

By  Philip  Atkinson,  A.M.,  Ph.D.j  Author  of  "  Elements  of  Static 
Electricity,"  &c.    Crown  8vo,  417  pp.,  with  xao  Illustrations,  cloth     .    10/6 

POWER  TRANSMITTED  BY  ELECTRICITY 

And  applied  by  the  Electric  Motor,  including  Electric  Railway  Construction. 
By  P.  Atkinson,  A.M.,  Ph.D.  With  96  Illustrations.  Crown  8vo,  cloth    7/6 

HOW  TO  MAKE  A  DYNAMO. 

A  Practical  Treatise  for  Amateurs.  ^  Containing  numerous  Illustralions  and 
Detailed  Instructions  for  Constructing  a  Small  Dynamo  to  Produce  the 
Electric  Light.  By  Alfrbd  Crofts.  Sixth  Edition,  Revised  and  Enlarged 
Crown  8vo,  cloth.  [Just  PubU$h€d.    2/0 

"  The  instructions  given  in  this  unpretentious  little  book  arc  suffidentiy  dear  and  explicit  to 
enable  any  amateur  mechanic  posstsssea  of  average  skill  and  the  usual  tools  to  be  found  in  an 
amateur's  workshop  to  build  a  practical  dynamo  machine." — Electrician, 

THE  STUDENT'S  TEXT-BOOK  OF  ELECTRICITY. 

By  H.  M.  NoAD,  F.R.S.  Cheaper  EditioiL  650  pp.,  with  470  Illustrations. 
Crown  8vo,  doch O/O 
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PRACTICAL  BUILDING  CONSTRUCTION. 

A  Handbook  for  Students  Preparing  for  Examinations,  and  a  Book  of 
Referenoe  for  Persons  Engaeed  in  Building.  By  John  Parnkll  Allkn, 
Surveyed,  Lecturer  on  Building  Construction  at  the  Durham  College  of 
Science,  Newcastle-on-Tyne.  Third  Edition,  Revised  and  EnUvged. 
Medium  8vo,  450  pp.,  with  1,000  Illustrations,  cloth.      [Just  Published.    7/0 

"  Th«  most  complete  exposition  of  buUdiny  constnictton  we  have  seen.  It  contains  all  that  Is 
necewaty  to  prepare  students  for  the  various  examinacions  in  building  construction."— ^MiAto^ 
ATcwx. 

"  The  author  depends  neatly  as  much  on  his  dlapmros  as  on  his  tjrpe.  The  pans  suinrest 
the  hand  of  a  man  of  experience  m  building  operatioia— and  the  volume  must  be  a  uessiug  to 
many  teachers  as  weO  as  to  students."— 7!%/  Archiieet. 

"  The  woric  is  sure  to  prove  a  fonnidaUe  rival  to  great  and  smaD  competttocs  aHke,  and 
Mds  (air  to  take  a  permanent  place  as  a  favourite  student's  text-book.  The  large  number  of  illus- 
trations deserve  particular  mention  fur  the  great  merit  they  possess  for  purposes  of  reference  in 
exactly  corresponding  to  convenient  scales."— 9<!n«rMa/^iA«  Rtyai IiutUtUt  ^BHHxhArckUuts. 

PRACTICAL  MASONRY. 

A  Guide  to  the  Art  of  St<xie  Cutting.    Comprising  the  Construction,  Setting 

Out,  and  Working  of  Stairs,  Circular  Work,  Arches,  Niches,  Domes,  Penden* 

tives.  Vaults,  Tracery  Windows,  &c.,  &c     For  the  Use  of  Students,  Masons, 

and  other  Workmen.    Bv  William  R.  Purchase,  Building  Inspector  to  the 

Borough  of  Hove.  Third  Edition,  with  Glossary  of  Terms.   Koyal  8vo,  143  pp., 

with   5a    Lithographic  Plates,  comprising    nearly   400   separate    Diagrams, 

cloth.  [Just  Published.    7/6 

"Mr.  Purchase's  'Practical  Masonir'  wHl undoubtedly  be  found  oseftil  to  all  interested  in 

this  Important  subject,  whether  theoretically  or  practically.    Most  of  the  examples  given  are  from 

actual  work  carried  out,  the  diagrams  being  carefully  drawn.    The  book  is  a  practical  treatise  on 

the  subject,  the  author  himself  havixig  commenced  as  an  operative  mason,  and  afterwards  acted  as 

foreman  mason  on  mar.y  large  andimportant  buildinip  prior  to  the  attainment  of  his  present 

position.    It  should  be  round  of  general  utility  to  architectural  students  and  others,  as  well  as  to 

those  to  whom  it  is  specially  addressed."— 7<mrPM/  ^t/u  Rtyal  InstUute  ^British  ArchiUcU. 


MODERN    PLUMBING,    STEAM    AND    HOT    WATER 

HBATINO. 

K  New  Practical  Work  for  the  Plumber,  the  Heating  Engineer,  the  Architect, 
and  the  Builder.  By  J.  J.  Lawukr,  Author  of  '*  American  Sanitary  Plumbing," 
&c.     With  284  Illustrations  and  Folding  Plates.    4to,  cloth. 

[Just  Publuhed.     Net    21/- 

HEATINQ    BY    HOT   WATER. 

With  Informati<xi  and  Suggestions  on  the  best  Methods  of  Heating  Public, 
Private  and  Horticultural  Buildings.  By  Walter  Jonbs.  Second  Edition. 
With  96  Illustrations,  crown  8vo,  cloth liei  2/6 

"  We  confidently  recommend  all  interested  in  heating  by  hot  water  to  secure  a  copy  of  this 
valuable  Uttle  treatise.^— TAe  Plumber  and  Decorator, 

CONCRETE:  IT5  NATURE  AND   U5E5. 

A  Book  for  Architects,  Builders.  Contractors,  and  Clerks  of  Works.  ^  By 
Gborgk  L.  Sutcliffb,  A.R.I.B.A.  350  pp.,  with  numerous  Illustrations. 
Crown  8vo,  cloth 7/6 

"  The  author  treats  a  difficult  subject  in  a  lucid  manner.  The  manual  fills  a  long-felt  gap. 
It  b  careful  and  exhaustive  ;  equally  useful  as  a  student's  guide  and  an  architects  book  of 
reference. "—^MfrMo/  o^tMt  Reyal  InstUiUe  0/ British  ArckUtcts. 

"  There  is  room  for  this  new  book,  which  will  probaUy  be  for  some  time  the  standard  work 
on  the  subject  for  a  builder's  purpose."— ^Aw^»w  Heruid. 

LOCKWOOD'5  BUILDER'5  PRICE  BOOK  for  1901. 

A  Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Builders. 
Architects,  Engineers,  and  Contractors.  Re-constructed,  Re*wriiten,  ana 
Greatly  Enlarged.  By  Francis  T.  W.  Millbr.  800  closely-printed  pages, 
crown  8vo,  cloth 4/0 

"  This  book  is  a  very  useftil  one,  and  should  find  a  place  in  every  English  office  connected 
with  the  building  and  engmeerlng  professions.  "-^Imbtstriet. 

"  An  eacdent  book  of  reference."— ^ncMftcK. 

"  In  its  new  and  revised  form  this  Price  Book  b  what  a  work  of  tUs  Und  should 
hSMbe.  raHabte.  wed  ammged,  legible,  and  weU  bound.  —British  ArchUeet, 
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THE  DECORATIVE  PART  OP  CIVIL  ARCHITECTURE. 

By  Sir  William  Cmambbrs,  F.R.S.  With  Portrait,  lUnstrations,  Noces,  and 
an  Examination  op  Grbcian  Architbcturb,  by  Joseph  Gwilt,  F.S.A. 
ReviMd  Mid  Edited  by  W.  H.  Lbbds.    66  Plates,  4to,  doth  .    21/0 

THE  MECHANICS  OP  ARCHITECTURE. 

A  Treatise  on  Applied  Mechanics,  especially  Adapted  to  the  Use  of  Architects. 
By  E.  W.  Tarn,  M.A..  Author  of  '^  The  Science  of  Building,"  &c.    Second 
Eldition,  Enlarged.    Illustrated  with  las  Diagrams.    Crown  8vo,  cloth      7/8 
"The  book  is  a  very  useful  auid  helpful  manual  of  architectural  mechanics."— ^Ht'iirr. 

A  HANDY  BOOK  OP  VILLA  ARCHITECTURE. 

Bein^  a  Series  of  Designs  for  Villa  Residences  in  varioos  Styles.  With 
Outline  Specifications  and  Estimates.  By  C.  Wickbs,  Architect.  6x  Plates, 
4to,  half-morocco,  gilt  edges £1   1 1 «.  0d. 

"  The  whole  of  the  designs  bear  evidence  of  their  being  the  woric  of  an  axtisdc  aicliitect.  and 
they  wQl  prove  very  valuable  and  suggestive,"— Btti^tig-  Nems. 

THE  ARCHITECTS  GUIDE. 

Being  a  Text>book  of  Useful  Information  for  Architects,  Engineers,  Surveyors, 
Contractors,  Clerics  of  Works,  &c,  &c  By  Frsdkrick  Rogbrs,  Architect. 
Third  Edition.    Crown  8vo,  cloth 3/6 

ARCHITECTURAL  PERSPECTIVE. 

The  whole  Course  and  Operations  of  the  Draughtsman  in  Drawing  a  L*i^ 
House  in  Linear  Perspective.  Illustrated  by  43  Folding  Plates.  By  F.  O. 
Ferguson.    Second  Ekiition,  Enlarged.    8vo,  hoards    ....    8/6 

"  It  Is  the  most  intelligible  of  the  treatises  on  this  iO-treated  subject  that  I  batva  mat  with."— 
E.  INGRESS  BELL,  ESQ..  in  the  ^./.i9.^.  JoumaL 

PRACTICAL  RULES  ON  DRAWING. 

For  the  Operative  Builder  and  Young  Student  in  Architecture.  By  Gbobgb 
Pynb.     14  Plates,  4to,  boards .        .    T/6 

MEASURING  AND   VALUING  ARTIFICER'S  WORK 

(The  Student's  Guide  to  the  Practice  of).  Containing  Directions  for  taking 
Dimensions,  Abstracting  the  same,  and  bringing  the  Quantities  into  Bill,  with 
Tables  of  Constants  for  Valuation  of  Labour,  and  for  the  Calculation  of  Areas 
and  Solidities.  Originally  edited  by  E.  Dobson,  Architect.  With  Addinons 
by  E.  W.  Tarn,  M.A.  Seventh  Edition,  Revised.  With  8  Plates  and 
63  Woodcuts.    Crown  8vo,  cloth.  [/m/  Publutud,    7/6 

"  This  e<fition  will  be  found  the  most  complete  treatiae  on  tbe  prfndplas  of  meamitng  and 
valuing  artificer's  worlc  that  has  yet  been  ^KMiaSsneA."— Building  Ntws. 

TECHNICAL  GUIDE,  MEASURER,  AND  ESTIMATOR. 

For  Builders  and  Surveyors.  Containing  Technical  Directions  for  Meosurii^ 
Work  in  all  the  Buildins  Trades,  Complete  Specifications  for  Houses,  Roads, 
and  Drains,  and  an  Easv  Method  of  Estimating  the  parts  of  a  Boildtng 
collectively.    By  A.  C.  Bbaton.      Ninth  Edition.      Waistcoat-pocket  sixe, 

gilt  edges 1/6 

**  No  builder,  architect,  surveyor,  or  valuer  should  be  wlthoot  his  *  Beaton.'  "-^A«0Mv  Nn^' 

SPECIPICATIONS  FOR  PRACTICAL  ARCHITECTURE. 

A  Guide  to  the  Architect,  Engineer,  Surveys,  and  Builder.  With  an  Essay 
on  the  Structure  and  Science  of  Modem  Building  Upon  tbe  Basis  of  th« 
Work  by  Alprbd  Bartholomew,  thoroughly  Revised,  Corrected,  and  greatly 
added  to  by  Frbdbrick  Rogbrs,  Architect.  Third  edition,  Revised.  8vo, 
cloth 16/0 


"The  work  Is  too  well  known  to  need  any  rBCommendatkm  Cram  us.     It  b  one  of  tbe  boote 
with  which  every  younj^  architect  must  be  equipped.  "--^^fvAitat 

THE  HOUSE-OWNER'S  ESTIMATOR. 

Or,  What  will  it  Cost  to  Build,  Alter,  or  Repair?  A  Price  Book  or  Un- 
professional People  as  well  as  the  Architectural  Surveyor  and  Bailder.  By 
J.  D.  Simon.  Edited  by  F.  T.  W.  Millbr,  A.R.I.B.A.  Fifth  Edition, 
Carefully  Revised.    Crown  8vo,  doth.  {Just  Publisked.    Net  8/6 

"  In  two  years  it  will  repay  its  cost  a  hundred  times  over."— FieU. 
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SANITATION  AND  WATER  SUPPLY. 


THE  PURIFICATION  OF  SEWAGE. 

Being  a  Brief  Accoant  of  the  Scientific  Principles  of  Sewage  Purification,  and 
their  Practical  Application.  By  Sidney  Barwisb,  M.D.  (Lond.)i  M.R.C.S., 
D.P.H.  (Camb.),  Fellow  of  the  Sanitary  Institute,  Medical  Officer  of  Health 
to  the  Derbyshire  County  Council.    Crown  8vo,  doth.  [/«st  PuSluked.  6/0 

"  *  What  proceis  shaU  we  adopt  to  purifjr  our  sewage  ? '  This  question  has  rarely  been  treated 
from  so  many  points  of  riew  in  one  oook.  This  volume  teems  with  practical  hints,  which  !^ow  the 
intimate  knowledge  the  author  has  of  his  subject."— TA^  Engituer. 

WATER  AND  ITS  PURIFICATION. 

A  Handbook  fat  the  Use  of  Local  Authorities,  Sanitary  Officers,  and  others 
interested  in  Water  Supply.  By  S.  Ridbal,  D.Sc.  Lond.,  F.I.C.  With 
numerous  Illustrations  and  Tables.    Crown  8vo,  cloth.    {Just  Published.    7 IS 

*'  Dr.  Rideal's  book  Is  bofli  interesting  and  accurate,  and  contains  a  most  useful  rAum/  of 
the  latest  knowledge  upon  the  subject  of  wblch  it  treats."— rA«  Enginttr. 

RURAL  WATER  SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Construction  of  Water- 
works for  Small  Country  Districts.  By  Allan  Grssnwbll,  A.M.I.C.E., 
and  W.  T.  Currv,  A.M.I.C.E.     Revised  Edition.    Crown  8vo,  cloth    5/0 

*'  We  conscientiously  recommend  It  as  a  very  useful  book  for  those  concerned  in  obtaining 
water  for  small  districts,  giving  a  great  deal  of  practical  information  in  a  small  compass."— ^wtt<!rr. 

THE  WATER  SUPPLY  OF  CITIE5  AND  TOWNS. 

By  William  Humbbr,  A.M.  Inst.  C.E.,  and  M.Inst.  M.E.  Imp.  4to,  half* 
bound  morocco.    (See  page  2 x.) Net  £6  6S. 

THE  WATER   SUPPLY   OF   TOWNS  AND  THE  CON- 
STRUCTION OP  WATBR-WORK5. 

By  Propbssor  W.  K.  Burton,  A.M.  Inst.  C.E.  Second  Edition,  Revised 

and  Extended.    Royal  8vo,  cloth.    (See  page  xo.)  ....    25/0 

WATER  ENQINEERINQ. 

A  Practical  Treatise  on  the  Measurement,  Storage,  Conveyance,  and  Utilisa> 
tion  of  Water  for  the  Supply  of  Towns.     By  C.  Slagg,  A.M.  Inst.  C.E.    7/6 

SANITARY  WORK  IN  SMALL  TOWNS  AND  VILLAGES. 

By  Cmaklbs  Slagg,  A.  M.  Inst.  CE.    Crown  8vo,  doch  .    3/0 

SANITARY  ARRANGEMENT  OF  DWELLING-HOUSES. 

By  A.  J.  Wallis-Taylbr,  A.M.InsLC.E.    Crown  8vo,  cloth    .  2/6 

MODERN    PLUMBING,     STEAM    AND    HOT    WATER 

HEATING. 

A  New  Practical  Work  for  the  Plumber,  the  Heating  Engineer,  the  Architect, 
and  the  Bui'der.  By  J.  J.  Lawler,  Author  of  "American  Sanitary  Plumbing," 
&c.     With  384  Illustrations  and  Folding  Plates.     410,  cloth. 

[JustPuhiishrdl'sit^^ge'is)'    Net    21/- 

PLUMBING. 

A  Text-book  to  the  Practice  of  the  Art  or  Craft  of  the  Plumber.  By  W.  P. 
BuCHAN,  R.P.    Eighth  Edition,  Enlarged.    Crown  8vo,  cloth      .        .    8/6 

VENTILATION. 

A  Text-book  to  the  Practice  of  the  Art  of  Ventilating  Buildings.  By  W.  P. 
BucHAN,  R.P.    Crown  8vo,  cloth 3/6 

THE  HEALTH  OFFICER'S  POCKET-BOOK. 

A  Guide  to  Sanitary  Practice  and  Law.    For  Medical  Officers  of  Health, 

Sanitary  Inspectors,  Members  of  Sanitary  Authorities,  &c.     By  Edward 

F.  Willoughby,  M.D.  (Lond.),  &c.    Fcap.  8vo,  cloth    ....    7/6 

**  a  mine  of  condcnied  infonnation  of  a  pertinent  uid  useful  kind  on  the  various  subjects  of 
which  It  treata,      The  different  subjects  are  nicdnctly  but  fiiDy  and  scientifically  dealt  with."—  Tha 
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CARPENTRY.  TIMBER,  &c. 


THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY. 

A  Treatise  cm  the  Pressure  and  Equilibrium  of  Timber  Framing,  the  ReMstaiKx 
of  Timber,  and  the  Construction  of  Floors,  Arches,  Bridges,  Roofs,  Uniting 
Iron  and  Stone  with  Timber,  &c.  To  which  is  added  an  Essay  on  the  Nature 
and  Properties  of  Timber,  ^c,  with  Descriptions  of  the  kincis  of  Wood  used 
in  Builmng ;  also  numerous  Tables  of  the  Scantlings  of  Timber  for  different 
purposes,  the  Specific  Gravities  of  Materials,  &c.  By  Thomas  Tkbdgold,  CE. 
with  an  Appendix  of  Specimens  of  Various  Roofs  of  Iron  and  Stone,  Illus- 
trated. Seventh  Edition,  thoroughly  Revised  and  considerably  Enlarged  by 
E.  Wyndham  Tarn,  M.A.,  Author  of  "The  Science  of  Building,"  &c 
With  6i  Plates,  Portrait  of  the  Author,  and  several  Woodcuts.     In  One  lax^e 

Vol.,  4to,  dctth 25/0 

"Ought  to  be  In  erery  archhect's  and  every  builder's  Vhnry.''—Bui'drr. 

"A  work  whose  monumental  excellence  must  commend  it  wherever  sldlful  carpentry  b 

concerned.    The  author  °s  principles  are  rather  confirmed  than  impaired  by  time.    The  ^d*liT*'*»*' 

plates  an  of  great  intrinsic  raiu«."—B$Mtlin£  News. 

WOODWORKING  MACHINERY. 

Its  Rise,  Progress,  and  Construction.  With  Hints  on  the  Management  of  Saw 
Mills  and  the  Economical  Conversion  of  Timber.  Illustrated  with  Examples 
of  Recent  Designs  by  leading  English,  French,  and  American  Engineers.  By 
M.  Powis  Balk,  A.M.Inst.C.E.,  M.I.M.E.  Second  Editi(»,  Revised, 
with  large  Additions,  large  crown  8vo,  440  pp.,  cloth       ....    9/0 

"  Mr.  Bale  is  evidently  an  expert  on  the  subject,  and  he  has  collected  so  much  Information 
th.it  his  book  is  all-suflScient  for  builders  and  others  engaged  in  the  conversion  of  timber." — Arckittct 

"  The  most  comprehensive  compendium  of  m>od-worldng  machinery  we  have  seen.  The 
author  is  a  thorough  master  of  his  subject."— i?MiUfM!f  News. 

SAW  MILLS. 

Their  Arrangement  and  Management,  and  the  Economical  Conversion  of 
Timber.  By  M.  Powis  Balb,  A.M.Inst.C.E.  Second  Edition,  Revised. 
Crown  8vo,  cloth.  [Just  Publisked.    10/6 

"  The  administrtttt0H  ot  a  large  sawing  estabUshment  b  dbcuaed,  and  the  snJMect  examined 
from  a  financial  standpoint.  Hence  the  size,  shape,  order,  and  disposition  of  saw  mOb  and  the  Kka 
are  gone  into  in  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  its  detiveiy  in  te 
converted  state.    We  could  not  desire  a  more  complete  or  practical  treatise.  '^-BuiUer. 

THE  CARPENTER'S  GUIDE. 

Or,  Book  of  Lines  for  Carpenters  ;  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the  late  Pktbb 
Nicholson's  standard  work.  A  New  Edition,  Revised  by  Arthur  Ashpitsi., 
F.S.A.  Together  with  Practical  Rules  on  Drawing,  by  Gborgb  Pvhb. 
With  74  Plates,  4to,  cloth £1   1  s. 

A  PRACTICAL  TREATISE  ON  HANDRAILINQ. 

Showing  New  and  Simple  Methods  for  Finding  the  Pitch  of  the  Plank,  Drawing 
the  Moulds,  Bevelling,  J ointing-up,  and  Squaring  the  Wreath.  By  Gborgb 
CoLLiNGS.  Second  Edition,  Revised  and  Enlarged^  to  which  is  added 
A  Trbatisb  ON  Stair-building.     With  Plates  and  Diagrams     .  2/6 

"  Will  be  found  of  practical  utility  in  the  execution  of  this  difficult  branch  of joioeiy.  '-^Bttiider. 
"  Almost  every  difficult  phase  of  this  somewhat  intricate  branch  of  joinery  Is  duddated  by 
the  aid  of  plates  and  explanatory  letterpress."— /^MrM^TMrv  GaMtOt. 


CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Cnnracure. 
Gborgb  Collings.    With  Diagrams.    Third  Edition,  lamo,  doth 


^ 


"  An  excellent  example  of  what  a  book  of  thb  kind  thould  be.    Cheap  la  prtoe.  claai  in 
definition,  and  practical  in  the  examples  selected  "— 'Builder. 

THE    CABINET-MAKER'S   QUIDE    TO    THE  ENTIRE 

CONSTRUCTION  OP  CABINET  WORK. 

By  Richard   Bitmbad.      Illustrated  with   Plans,    Sections   and  Working 
Drawings.    Crown  8vo,  cloth.  (/t^f/  Publufud.    2/o 
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HANDRAIUNO  COMPLETE  IN  BIQHT  LESSONS. 

On   the   Sqnare-Cnt  Svstem.     By  J.   S.  Goldthorp,  Head   ci  Bailding 

Depttitment,  Halifax  Technical  School.      With  Eight  Plates  and  over  150 

Practical  Exercises.    4to,  doth 3/6 

"  Likely  to  be  of  cooaldenbie  value  to  Joiners  and  othen  who  take  a  pride  fai  good  work. 
Tlie  amnsement  of  the  book  is  e»celtent.  we  hcaitfly  commwid  it  to  teachen  and  students  "— 
TimAtr  TrmtUs  y«t»wnaL 

TIMBER  MERCHANT'S  and  BUILDER'S  COMPANION. 

Containing  New  and  Copious  Tables  of  the  Reduced  Weight  and  Measure 
ment  of  Deals  and  Battens,  of  all  sizes,  from  One  to  a  Thousand  Pieces,  and 
the  relative  Price  that  each  siie  bears  per  Lineal  Foot  to  any  given  Price  per 
Petersburgh  Standard  Hundred  *,  the  Price  per  Cube  Foot  of  Square  Timber 
to  any  given  Price  per  Load  of  50  Feet,  &c.,  &c.  Bv  William  Dowsing. 
Fourth  Edition,  Revised  and  Corrected.    Crown  8vo,  cloth    .  .    3/0 

"  We  are  glad  to  see  a  fourth  edition  of  these  admirable  ubles.  which  for  conectneB  and 
simplicity  of  arrangement  leare  nothing  to  be  desired."— TViviArr  Tra44i  yottmtU, 

THE  PRACTICAL  TIMBER  MERCHANT. 

A  Guide  for  the  Use  of  Building  Contractors,  Surveyors,  Builders,  &c., 
comprising  useful  Tables  for  all  purposes  connected  with  the  Timber  Trade, 
Maries  of  wood.  Essay  on  the  Strength  of  Timber,  Remarks  on  the  Growth  of 
Timber,  &c.    By  W.  Richardson.    Second  Edition.    Fcap.  8vo,  cloth   .    3/6 

"Contains  much  valuable  infonnation  for  timber  merchants,  boUden,  foresters,  and  all 
othen  connected  with  the  growth,  sale,  and  manufsctuie  of  \iaDhei[."—youmaJ  q^ Fortsity. 

PACKINQ-CASE  TABLES. 

Showing  the  number  of  Superficial  Feet  in  Boxes  or  Packing-Cases,  from  six 
indies  square  and  upwards.    By  W.  Richardson,  Timber  Broker.    Third 

Edition.    Oblong  410,  cloth 3/6 

"  Invaluable  labour-saving  tables."— /rffiifMN^ir. 

GUIDE  TO  SUPERFICIAL  MEASUREMENT. 

Tables  calculated  from  x  to  200  inches  in  length  by  z  to  108  inches  in  breadth. 
For  the  use  of  Architects,  Surveyors,  Engineers,  Timber  Merchants, 
Builders,  &c.    By  Jambs  Hawkings.    Fourth  Edition.    Fcap.,  cloth .    3/6 

"A  useful  collection  of  taUes  to  facilitate  rapid  calculation  of  surfaces.  The  exact  area  of 
any  surface  of  which  the  limits  have  been  ascertained  can  be  tnstantlv  detennined.  The  book  wHl 
be  found  of  the  greatest  utility  to  all  engaged  in  building  operatioos.  -->Sc«enMa«». 

PRACTICAL   FORESTRY. 

And  its  Bearing  on  the  Improvement  of  Estates.  By  Charles  E.  Ct7KTis, 
F.S.I.,  Professcr  of  Forestry,  Field^  Engineering,  and  General  Estate 
Management,  at  ite  College  of  Agriculture,  Downton.  Second  Edition, 
Revised.     Crown  8vo.  cloth.  [Just  Publishtd.    3/6 

summary  of  contrnts:  —  prkfatorv  remarks.  —  objects  of  planting.— 
Choice  of  a  Forester.— Choice  of  soil  and  site.— Laying  out  of  Land  for 
Plantations.— PREPARATION  np  the  Ground  for  Planting.— Drainage.— Plant- 
ing.—Distances  AND  DISIRIBUTION  OF  TREES  IN  PLANTATIONS.— TREES  AND  GROUND 

Game.— Attention  after  Planting.— Thinning  of  plantations  —Pruning  of 
FOREST  Trees.— Realization.— METHODS  of  Sale.— Measurement  of  Timher.— 
measurement  and  Valuation  of  Larch  plantation.— Firs  Lines.— Cost  of 
Planting. 

"  Mr.  Curtis  has  in  the  course  of  a  scries  of  short  pithy  chapters  afforded  much  Infonna* 
tion  of  a  useful  and  practical  character  on  the  planting  and  subsequent  treatment  of  trees."— 
Illustrmted  Carf  enter  and  Builder. 

THE  ELEMENTS  OF  FORESTRY. 

Designed  to  afford  Information  concerning  the  Planting  and  Care  of  Forest 
Trees  for  Ornament  or  Profit,  with  suggestions  upon  the  Creation  and  Care  of 
Woodlands.    By  F.  B.  Hough.    Large  crown  8vo,  cloth  .    10/0 

THE    TIMBER    IMPORTER'S,  TIMBER  MERCHANT'S, 

~  AND  BUILDER'S  STANDARD  OUIDB. 

By  Richard  E.  Gkandt.  Comprising: — An  AniJysis  of  Deal  Standards, 
Home  and  Foreign,  with  Comparative  Values  and  Tabular  Arrangements  for 
fixing  Net  Landed  Cost  on  Baltic  and  North  American  Deals,  including  all 
tntenoediate  Exiienses,  Freight,  Instirance,  &c. ;  together  with  copious  Informa. 
tioD  for  the  Retailer  and  Builder.    Third  Edition,    ismo,  cloth    .  2/0 


30         CROSBY  LOCKWOOD  S'  SON*S  CATALOGUE. 


DECORATIVE  ARTS,  ftc. 


SCHOOL    OP    PAINTING    FOR    THE    IMITATION    OP 

WOODS  AND  MARBLBS. 

As  Taught  and  Practised  by  A.  R.  Van  dbr  Bokg  and  P.  Van  dkk  Bubg 
Directors  of  the  Rotterdam  Painting  Institution.    Royal  folio,  18}  fay  xa|  in^ 
Illustrated  with  24  fulUsixe  Coloured  Plates ;  also  is  plain  Places,  comprising 
X 54  Figures.    Third  Edition,  cloth.  [Just  PuSlis/ud.    £1   lis.  60. 

L.IST  OP  PLATBS  :— t.  VARIOUS  TOOLS  REQUIRHD  FOR  WOOD  PAINTTNC.— C.  %  WAIJCUT 
PRBLIMINARY  STACBS    OP   GRAINING   AND    FINISHBD   SPBCIMBN.— 4.  TOOLS    IJSBO    FOR 

Marblb  Painting  and  Method  of  Manipulation.— 5,  &  St.  Rbmi  Marblb: 
Earlibr  Operations  and  Finished  spbcimbn.  —  7.  methods  op  Skbtchimg 
DiFFSRBNT  Grains.  Knots,  &c.— 8.  9-  ash:  Preliminary  Stages  and  finxshbd 
specimen.— la  Methods  op  Sketching  Marblb  Grains.— iz,  is.  Brbchb  Marblb; 
Preliminary  stages  op  Working  and  Finished  Specimen.— 13.  Maple  ;  Methods 
op  producing  the  Dipperbnt  Grains.— (4.  15.  Bird's-eye  maplb;  prbliminary 
Stages  and  Finished  specimen.- 16.  methods  op  sketching  thb  Different 
Species  op  White  Marble.— 17,  x&  white  Marble  ;  preliminary  Stacbs  of 
Process  and  finished  Specimen.— 19.  Mahogany;  specimens  of  Various  Grains 

AND     methods     of     MANIPULATION. —20,     St.     MAHOGANY;       EARLIER     STAGES     AND 

Finished  Specimen.— as.  93.  84.  Sienna  Marblb  ;  Varieties  of  Gra»,  Prbumxnarv 
Stages  and  Finished  Specimen.— 95.  16,  tf.  juniper  wood;  Methods  of  Pro- 
ducing GRAIN,  &c. ;  preliminary  STAGES  AND  FINISHED  SPECIMEN.— aB,  M,  30.  VBRT 
DE  MER  MARBLB;  VARIETIES  OF  GRAIN  AND  METHODS  OF  WORKING.  UNPINISHBO 
AND  FINISHED  SPECIMENS.- 32,  3a.  ]}.  OaK  ;  VARIETIES  OF  GRAIN.  TOOLS  EMPLOYED 
AND  METHODS  OF  MANIPULATION.  PRBLIMINARY  STACBS  AND    FINISHED   SPBCIMBM.— 

M.  35.  36.  waulsort  Marble;  Vabibtibs  of  grain,  Unfinishbd  and  Fmisubd 
Specimens. 

"  Those  who  desiie  to  attain  skill  in  the  ait  of  painring  woods  and  marbles  will  fed  i 
in  consiilttag  tiiis  book.    .    .    .    Some  of  tlie  Woikmg  Men's  dabs  dionkl  give  their  young 
the  opportunity  10  study  iL"^SMilder. 

^'  A  compreiiensive  guide  to  the  art.  The  explanations  of  tlie  procieisei,  tbm  manjnulaiioa 
and  management  of  tlie  coloufs,  and  the  beeutUully  executed  places  wlU  not  be  the  least  valuafala  to 
thus  student  who  ainu  at  maldng  his  work  a  faithful  transcript  of  nature."— Am^MAv  Nrmx, 

"  Students  and  norices  are  fortunate  who  are  able  to  become  the  poesemois  of  so  aoUe  a 
woik."— rte  ArdUiaet. 

ELEMENTARY  DECORATION. 

A  Guide  to  the  Simpler  Forms  of  Everyday  Art.  Together  with  PRACTICAL 
HOUSE  DECORATION.  Bv  Tambs  W.  Facxv.  With  numerous  Illus- 
trations.   In  One  Vol.,  strongly  bau-bound 6/0 

H0U5E     PAINTING,     QRAININQ,     MARBLINQ,    AND 

SIGN    WRITING. 

A  Practical  Manual  of.  Bv  Ellis  A.  Davidson.  Eighth  Edition.  With 
Coloured  Plates  and  Wood  Engravings,     xamo,  cloth  boflinis .  .    6/0 

**  A  mass  of  informatioa  of  use  to  the  amawur  and  of  vahia  to  tlie  practical  aiaa."— ^«vA<A 
Mtchamic. 

THE  DECORATOR'5  A55ISTANT. 

A  Modem  Guide  for  Decorative  Artists  and  Amatetirs,  Painters,  Writers, 
Gilders,  &c.  Containing  upwards  of  600  Receipts,  Rules,  and  Instructions ; 
with  a  variety  of  Information  for  General  Work  connected  with  every  Qass  of 
Interior  and  Exterior  Decorations,  &c  Seventh  Edition.  15a  pp.,  cr.  8vo.  1  /O 
"  FuH  of  receipts  of  value  to  decoraton,  painters,  gilders,  Ac.    The  book  roncaim  tlie  gist  of 

larger  treatises  on  colour  and  technical  processes.    It  would  be  diiUniir  to  meat  with  a  work  ao  Ail 

of  varied  information  on  the  painter's  uC—BtiiUiHt  Afews. 

MARBLE  DECORATION 

And  the  Terminology  of  British  and  Foreign  Marbles.    A    Handbook  for 
Students.    By  Gborgb  H.  Blagrovb,  Author  of  "Sharing and  its  Applica- 
tion," &C.    With  38  Illustrations.    Crown  8vo,  doch       ....    8/6 
"This  most  useful  and  much  wanted  handbook  shookl  be  ki  the  haads of  atvenr  aschkect  aad 

"A  carefully  and  usefully  written  treatise ;  the  work  is  essentially  pracdcaL"— 5<»4!n 


DECORATIVE  ARTS,   iSrc.  ji 


DELAMOTTE'8  WORKS  ON  ALPHABETS  AND 

ILLUMINATION. 


ORNAMENTAL  ALPHABETS,  ANCIENT  &  MEDIiCVAL. 

From  the  Eighth  Century,  with  Numerals;  including  Gothic,  Church-Text, 
large  and  small,  German,  Italian.  Arabesque,  Imtials  for  Illumination, 
Monograms,  Crosses.  &c.,  sc,  for  tne  use  of  Architectural  and  Engineering 
Draughtsmen,  Missal  Painters,  Masons,  Decorative  Painters,  Lithographers. 
Engraven,  Carvers,  &c.,  &c.  Collected  and  Engraved  by  F.  Dblamottb,  ana 
printed  in  Colours.  New  and  Cheaper  Edition.  Royal  8vo,  oblong, 
ornamental  boards 2/6 

"  For  tbose  wbo  insnt  enameHad  sentences  round  gflded  chalices,  who  blaaon  shop  legends 
over  sbop-doots,  who  letter  church  walls  with  pithy  seatenccs  from  the  Decalogue,  this  book  will  be 
DseAiL  "—jitiumnttn. 

MODERN  ALPHABETS,  PLAIN  AND  ORNAMENTAL. 

Including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew, 
Court  Hand,  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque ; 
with  several  Origmal  Designs,  and  an  Analysis  of  the  Roman  and  Old  English 
Alphabets,  large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen, 
Surveyors,  Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers, 
&c.  Collected  and  Engraved  by  F.  Delamottk,  and  printed  in  Colours. 
New  and  Cheaper  Edition.    Royal  8vo,  oblong,  ornamental  boards  2/S 

"  There  li  comprised  in  It  every  poasible  shape  into  which  the  letters  of  the  alphabet  and 
numerals  can  be  formed,  and  the  talent  which  has  been  expended  in  the  conception  or  the  various 
plain  and  ornamental  letten  is  wonderfiiL  "—Sjawtmrd. 

MEDI/EVAL    ALPHABETS    AND     INITIALS     FOR 

ILLUMINATORS. 

By  F.  G.  Dblamottb.    Containing  ax  Plates  and  Illuminated  Title,  printed 

*     in  Gold  and  Colours.    With  an  Introduction  by  J.  Willis  Brooks.    Fourth 

and  Cheaper  Edition.    Small  4to,  ornamental  boards      ....    4/0 

"A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gliding  and  all  the 
coloars  of  the  prism  interwoven  and  bitertwined  and  intermingled.  "Sun, 

A  PRIMER  OF  THE  ART  OP  ILLUMINATION. 

For  the  Use  of  Banners ;  with  a  Rudimentary  Treatise  on  the  Art,  Practical 
Directions  for  its  Exercise,  and  Examples  taken  from  Illuminated  MSS., 
minted  in  Gold  and  Colours.  By  F.  Dblamottb.  New  and  Cheaper 
Edition.    Small  4to,  ornamental  boards SIO 

**The  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much  good  sense, 
the  author  chooses  from  collections  accessible  to  all,  are  selected  with  Judgment  and  knowledge  as 
well  as  taatm.'''-Atktn4tum, 

THE  EMBROIDERER'S  BOOK  OP  DESIGN. 

Containing  Initials^  Emblems,  Cvphers,  Mon<^ams,  Ornamental  Borders, 
E^lesiastical  Devices,  Medieval  and  Modern  Alphabets,  and  National 
Emblems.  Collected  by  F.  Dblamottb,  and  printed  in  Colours.  Oblong 
royal  8vo,  ornamental  wrapper 1  /S 

"  The  book  will  be  of  great  assistance  to  ladies  and  young  children  who  are  endowed  with 
tiM  art  of  plying  the  needle  in  this  most  ornamental  and  useful  pretty  woric"— ^or/  Anfiian  Times. 


INSTRUCTIONS  IN  WOOD-CARVINQ  POR  AMATEURS. 

With  Hints  on  Design.  By  A  Lady.  With  zo  Plates.  New  and  Cheaper 
Edition.    Crown  8vo,  in  emblematic  wrapper 2/0 

"  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it.  may  be  leant  firom  *  A 
Lady's '  publication.''— ^i»<m«mm. 

PAINTING   POPULARLY  EXPLAINED. 

By  Thomas  John  Guluck,  Painter,  and  John  Timbs,  F.S.A.  Including 
FreMO,  OiL  Mosaic,  Water>Colour,  Water-Glass,  Tempera,  Encaustic, 
Miniature,  Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass,  &c  Fifth 
Edition.    Crown  8vo,  cloth 6/0 

**«  Adopttd  at  a  PHu  Book  at  South  KtnsimgUm. 

"  Much  may  be  learned,  eren  by  those  who  fancy  they  do  not  require  to  be  taught,  from  the 
careful  perusal  of  this  unpretending  but  comprehensive  treatise.  '—Art  youmal. 
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NATURAL  SCIENCE,  &c. 


THE  VISIBLE  UNIVER5B. 

Chapters  on  the  Origin  and  Constmction  of  the  Heavens.  By  J.  E.  Gokk, 
F.R.A.S.,  Author  of ^'  Star  Groups"  &c.  lUostrated  by  6  Stellar  Phocogxwhs 
and  I  a  Plates.     Demy  8vo,  cloth lo/O 

"  A  valuable  and  iudd  sunmuury  of  recent  astronomical  theory,  rendered  more  Talnable  and 
attractive  by  a  series  of  stellar  photographs  and  other  illustrations.''— 7%e  Titmes. 

"In  presentinjf  a  clear  and  concise  account  of  the  present  state  of  our  knowledge  Mr.  Core 
has  made  a  valuable  addition  to  the  literature  of  the  subject."— AloAcrir. 

"  Mr.  Gore's  '  Visible  Universe '  is  one  of  the  finest  worlcs  on  astronomical  srtrace  that  have 
recently  appeared  in  our  langvase.  In  spirit  and  in  method  it  is  scientific  from  cover  to  cover,  but 
the  style  b  so  clear  and  attractlTe  that  it  wtU  be  as  acceptable  and  as  readable  to  those  who  make 
no  scienttiic  pretensions  as  to  those  who  devote  themselves  specially  to  matten  astraoooiical.''— 
fleets  Mtrcttry. 

STAR  O ROUPS. 

A  Student's  Guide  to  the  Constellations.  By  J.  Ellau)  Gokk,  F.R.A.S., 
M.R.I.A.,  &c.,  Author  of  "The  Visible  Universe,"  "The  Scenery  of  the 
Heavens,"  &c.    With  30  Maps.    Small  410,  cloth 5/0 

"  The  volume  contains  thirty  maps  showing  ttan  of  the  sixth  magnltud»— the  usual  naked-eye 
limit— and  each  is  accompanied  by  a  brief  commentary  adapted  to  lacflhate  recognition  and  bring 
to  notice  objects  of  special  interest.  For  the  purpose  of  a  preliminafy  survey  of  the  '  midnigtit 
pomp '  of  the  heavens  nothing  could  be  better  than  a  set  of  delineations  averagiw  scarcely  twenty 
square  taiches  in  area  and  including  nothing  that  cannot  at  once  be  Identified.  "-oo/Hr^jr  Revte*. 

AN  ASTRONOMICAL  GLOSSARY. 

Or,  Dictionary  of  Terms  used  in  Astronomy.  With  Tables  of  Data  and  Lists 
of  Remarkable  and  Interesting  Celestial  Objects.  By  J.  Ellard  Gors, 
F.R.A.S.,  Author  of  "  The  Visible  Universe,"  &c.     Small  crown  Bvo,  doth. 

a/6 

"A  very  useful  little  work  for  beginners  in  astronomy,  and  not  to  be  despised  by  more 
advanced  students.  "—TA/  Tttna. 

"  A  very  handy  book  .  .  .  the  utility  of  which  Is  much  increased  by  Its  valuable  tables  of 
astronomical  aaXSL"—Ath*Htrum. 

THE  MICROSCOPE. 

Its  Construction  and  Management.     Inclndit^g  Technique,  Photo^miarography, 

and  the  Past  and  Future  of  the  Microscoi>e.     By  Dr.  Hbnri  van  HstntCK. 

Re-Eklited  and  Augmented  from  the  Fourth  French  Edition,  and  Translated 

by  WvNNB  E.   Baxter,  F.G.S.    400  pp.,  with  upwards  oS  250  Woodcuts, 

imp.  8vo,  cloth 1 8/0 

**  A  translation  of  a  weQ-known  work,  at  once  popular  and  comprehensive."— 7V«fM(. 
"  The  translation  is  as  felicitous  as  it  is  accurate. —AafMrr. 

ASTRONOMY. 

Bv  the  late  Rev.  Robert  Main,  M.A.,  F.R.S  Thud  Edition,  Revised  by 
William  Thynnb  Lynn,  B.A.,  F.R.A.S.,  formerly  of  the  Royal  Observatory, 
Greenwich.     lamo,  cloth 2/0 

"  A  sound  and  simple  treatise,  very  carefully  edited,  and  a  capital  book  lor  beginacts.*— 
KntmUdgt. 

"Accurately  bfooght  down  to  the  re<inlrenients  of  the  present  dae  by  Mi:  LyBO.**— 
FducaHcmU  Ttmtx. 

A  MANUAL  OF  THE  MOLLUSCA. 

A  Treatise  on  Recent  and  Fossil  Shells.  By  S.  P.  Woodward,  A.L.S., 
F.G.S.  With  an  Appendix  on  Recent  and  Fossil  Conchological 
Discoveries,  by  Ralph  Tate,  A.L.S.,  F.G.S.  With  33  Plates  and 
upwards  of  300  Woodcuts.     Reprint  of  Fourth  Edition  (1880X    Crown  Bvo, 

cloth 7/6 

"  A  most  valuable  storehouse  of  conchological  and  geological  informatioii.*-^S£inw»  Com/. 

THE  TWIN   RECORDS  OF  CREATION. 

Or,  Geology  and  Genesis,  their  Perfect   Harmony  and  Wooderful  Concord. 

By  G.  W.  V.  LE  Vaux.    Bvo,  cloth 5/0 

"  a  valuable  contribution  to  the  evidences  of  Revdatloo.  and  '1«Tf»~*«  veiy  conchisively  of 
rguments  of  those  who  would  set  God's  Woilcs  m%  '       ~    " 
Shirked,  and  no  sophistiy  Is  left  unexposed.  "—rA*  JKmA. 


^e  arguments  of  those  who  woukl  set  God's  Woilcs  against  God's  Wotd     No  raal  dttcnky  is 
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HANDBOOK  OP  MECHANICS. 

By  Dr.  Lardmkx.    Enlarged  and  re*written  by  Bbnjamin  Lobwy,  F.R.A.S. 

378  lUastrations.     Post  8vo,  cloth  6/0 

'*  The  perspicul^  of  the  original  has  been  retained,  and  chapters  which  had  become  obsolete 
have  been  replaced  bv  others  of  more  modem  character.  Tne  explanations  throughout  are 
ttucflously  popular,  ana  care  has  been  taken  to  show  the  application  of  the  various  branches  of 
ph]rsics  to  tiie  industrial  arts,  and  to  the  practical  business  of  life."— AfM^^f  ^cumaL 

HANDBOOK  OP  HYDROSTATICS  AND  PNEUMATICS. 

'  By  Dr.  Lardnkr.     New  Edition,  Revised  and  Enlarged  by  Benjamin  Loewt. 

F.R.A.S.    With  236  Illustrations.     Post  Svo,  cloth         ....    6/0 

"  For  those  *  who  desire  to  attain  an  accurate  knowledge  of  physical  science  without  the 
profound  methods  of  mathematical  investigation,'  this  work  is  weU  adapted." — ChemiaU  Ntws. 

HANDBOOK  OP  HEAT. 

By  Dr.  Lardnbr.    Edited  and  re-ivritten  by  Benjamin  Loewy,  F.R.  A.S.,  &c. 

X17  Illustrations.    Post  Svo,  cloth 6/0 

"  The  style  is  alwavs  clear  and  precise,  and  conveys  instruction  without  leaving  any  cloudiness 
or  luAing  doubts  \)t!tiixia."—EHg%tuerine. 

HANDBOOK  OP  OPTICS. 

By  Dr.  Lardnbr.     New  Edition.     Edited  by  T.  Olvbr  Harding,  B.  A.  Lend. 

With  298  Illustrations.     Small  Svo,  448  pp.,  cloth 6/0 

"  Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately  illustrated." 

ELECTRICITY,  MAGNETISM,  AND  ACOUSTICS. 

By  Dr.  Lardnbr.     Edited  bv  Geo.  Carbv  Foster,  B.A.,  F.CS.     With 

400  Illustrations.     Small  Svo,  cloth ff/O 

"  The  book  could  not  have  been  entrusted  to  any  one  better  calculated  to  preserve  the  terse 
and  lucid  style  of  Lardner,  while  correcting  bis  errors  and  bringing  up  his  work  to  the  present 
state  of  scientific  knowledge."— /'<!^«</ar  Science  Revirw. 

HANDBOOK  OP  ASTRONOMY. 

By  Dr.  Lardnbr.  Fourth  Edition.  Revised  and  Edited  by  Edwin  Dunkin, 
F.R.A.S.,  Royal  Observatory,  Greenwich.  With  38  Plates  and  upwards  of 
xoo  Woodcuts.    Svo,  cloth 0/6 

"  Probably  no  other  book  contains  the  same  amount  of  information  in  so  compendious  and 
wen  arranged  a  form— certainly  none  at  the  price  at  which  this  is  offered  to  the  public."— ^iS%«N<rMm. 

"  We  can  do  no  other  than  pronounce  this  work  a  most  valuable  manual  of  astronomy,  and 
we  strongly  recommend  it  to  all  who  wish  to  acquire  a  general— but  at  Uie  same  time  correct- 
acquaintance  with  this  sublime  science." — Quarterly  yaumaJ  ^Science. 

MU5EUM  OP  SCIENCE  AND  ART. 

Edited  by  Dr.  Lardnbr.  With  upwards  of  x,aoo  Engraving  on  Wood.  In 
Six  Double  Volumes,  £1  1  a.  in  a  new  and  elegant  doth  binding ;  or  hand- 
somely bound  in  half-morocco £1   lis.  60. 

"  a  cheap  and  interesting  publication,  alike  informing  and  attractive.  The  papers  combine 
•ubfects  of  importance  and  great  scientific  knowledge,  considerable  inductive  powers,  and  a  popular 
style  of  treatment."— .^i^MBaitffr. 

SeparaU  books  formed  from  thd  above. 


Conmon  Tbln^a  Bzplaloed.    5s. 
Tbe  Microscope,    as.  cloth. 
Popular  OeologT*    ^'  ^-  cloth. 
Popular  Phy^ca.    25.  6d.  cloth. 


Steam  and  its  Uses.    35.  cloth. 
Popular  Astronomy.     4s.  6d.  cloth. 
The  Bee  and  White  Ants.   as.  cloth. 
The  Electric  Telegraph,    u.  6d. 


NATURAL  PHILOSOPHY  FOR  SCHOOLS. 

By  Dr.  Lardnbr.    Fcap.  Svo 8/6 

"A  very  convenient  class  book  for  Junior  students  in  private  schools."— i^riMxA  Quarterly 

Review. 

ANIMAL  PHY5IOLOOY  FOR  5CH00L5. 

By  Dr.  Lardnbr.    Fcap.  Svo 8/6 

"  Clearly  written,  well  arranged,  and  excellently  illustrated  "—Gardener's  ChrcnieU. 

THE  ELECTRIC  TELEGRAPH. 

By  Dr.  Lardnbr.    Revised  by  E.  6.  Bright,  F.R.A.S.    Fcap.  Svo.    .     2/6 
"  One  of  the  most  readable  books  extant  on  tbe  Electric  Telegraph."— £M«r/irA  Mecfumic. 

L.  C 
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CHEMICAL    MANUFACTURES, 
CHEMISTRY,    &c. 


THE  OA5  ENGINEER'S  POCKET-BOOK. 

Comprising  Tables,  Notes  and  Memoranda  relating  to '  the  Mana&ctnre, 
Distribution  and  Use  of  Coal  Gas  and  the  Construction  of  Gas  Works.  By 
H.  O'Connor,  A.M.Inst.C.E.  Second  Edition,  Revised.  470  pp., crown  8vo, 
fully  Illustrated,  leather.  {/tui  Ptt^luJktd,    10/6 

"  The  book  contains  a  vast  amount  of  Information.     The  author  goes  consecutivelr  through 

the  engineering  detaib  and  practical  methods  involved  in  each  of  the  different  processes  or  pans 

of  a  gas-worics.     He  has  certainly  succeeded  in  making  a  compilation  of  hard  matters  of  fiict 

absolutely  interesting  to  read." — Gas  fVar/d. 

"  A  useful  work  of  reference  for  the  f^  engineer  and  all  interested  in  lighting  or  headag  by 

gas,  while  the  analyses  of  the  various  descriptions  of  gas  will  be  of  value  to  the  teconical  chemist. 

All  matter  in  any  wav  connected  with  the  manufacture  and  use  of  gas  is  dealt  with.   The  book  has 

evidently  been  caremlly  compiled,  and  certainly  constitutes  a  usesul  addition  to  gas  literature."— 

BuiUer. 

"  The  volume  contains  a  great  quantity  of  specialised  information,  compiled,  we  beliere,  firom 

trustworthv  sources,  which  should  msuce  it  of  considerable  value  to  those  for  whom  it  is  spedficaJHy 

produced.  —Enj^fuer. 

LIQHTINQ  BY  ACETYLENE 

Generators,  Burners,  and  Electric  Furnaces.  By  William  £.  Gibbs,  M.E. 
With  66  Illustrations.    Crown  8vo,  cloth.  [Jiut  PuiitsJked.    7/6 

ENQINEERINQ  CHEMISTRY. 

A  Practical  Treatise  for  the  Use  of  Anal3rtical  Chemists,  Engineers,  Iron 

Masters,  Iron  Founders,  Students  and  others.    Comprising  Methods  of  Analy^s 

and  Valuation  of  the  Principal  Materials  used  in  Engmeering  Work,  with 

Analyses,  Examples  and  Suggestions.     By  H.  J.  Phillips,   F.I.C,   F.CS. 

Second  Edition,  Enlarged.    Crown  8vo,  400  pp.,  with  lUustrauons,  cloth  10/S 

"  In  this  work  the  author  has  rendered  no  small  service  to  a  numerous  body  of  practical 

men.  .  .  .  The  analytical  methods  may  be  pronounced  most  satisfactory,  being  as  accurate  as  the 

despatch  required  of  engineering  chemists  permits."— CA«iwm»/  Nems. 

"  Full  of  good  things.    As  a  handbook  of  technical  analysis,  it  is  veir  welcome. "—AvASiicr. 
"The  analytical  methods  given  are,  as  a  whole,  such  as  are  likely  to  give  rapid  and  tnut- 
worthy  results  in  experienced  hands.  .  .  .  There  is  much  excellent  descriptive  matter  in  the  wock, 
the  chapter  on  '  Oils  and  Lubrication '  being  specially  noticeable  in  this  respect."— irf^ftfiMcr. 

NITRO-EXPLOSIVES. 

A  Practical  Treatise  concerning  the  Properties,  Manufacture,  and  Analysis 
of  Nitrated  Substances,  includmg  the  Fulminates,  Smokeless  Powders,  and 
Celluloid.  By  P.  G.  Sanporo,  F.  I.C.  ,  Consulting  Chemist  to  the  Cotton  Powder 
Company,  &c.    With  Illustrations.    Crown  8vo,  doth.    [Just  Publisfud.    9/0 

"  Any  one  baving  the  requisite  apparatus  and  materials  could  make  nitro-glycerine  or  gun- 
cotton,  to  say  nothing  of  other  explosives,  by  the  aid '  of  the  instructions  in  this  vohirae.  Ths  is 
one  of  the  very  few  text-books  in  which  can  be  found  Just  what  is  wanted.  Mr.  Saaford  goes 
through  the  whole  list  of  explosives  commonly  used,  names  any  given  exfdosive,  and  tells  us  of  wliat 
it  is  composed  and  how  it  is  manufactured.    The  book  is  excellent  throughout."— fivi^JMir. 

A  HANDBOOK  ON  MODERN  EXPL051VE5. 

A  ^  Practical  Treatise  on  the  Manufacture  and  Use  of  Dynamite,  Gun-Cotton, 

Nitro-Glycerine  and  other  Explosive  Compounds,  including  Collodion-Cotton. 

With  Chapters  on  Explosives  in  Practical  Application.     By  M.   Eissucit, 

Mining  Engineer  and  Metallurgical  Chemist.     Second  Editicm,  Enlaroed. 

With  150  Illustrations.    Crown  8vo,  cloth.  [Just  PubUsMd.    12/6 

"  Useful  not  only  to  the  miner,  but  also  to  officers  of  both  services  to  whom  blasting  and  the 
use  of  explosives  generally  may  at  any  time  become  a  necessary  auxiliary. "-iVaAtre. 

DANQER0U5  Q00D5. 

Their  Sources  and  Properties,  Modes  of  Storage  and  Transport.  With  Notes 
and  Comments  on  Accidents  arising  therefrom,  together  witn  ihe  Government 
and  Railway  Classifications,  Acts  of  Parliament,  ac.  A  Guide  for  the  Use  of 
Government  and  Railway  Officials,  Steamship  Owners,  Insurance  Companies 
and  Manufacturers,  and  Users  of  Explosives  and  Dangerous  Goods.  By 
H.  Joshua  Phillips,  F.I.C,  F.CS.  Crown  8vo,  374  pp.,  doth  .  .  9/0 
**  Merits  a  wide  circulation,  and  an  intelligent,  appreciatlTe  study."— CAcmfaa/  Ntms. 
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A  MANUAL  OP  THE  ALKALI  TRADE. 

Including  the  Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching 
Powder.  By  John  Lomas,  Alkali  Manufacturer,  Newcastle-upon-Tyne  and 
L<mdon.  390  pp.  of  Text.  With  332  Illustrations  and  Working  Drawings, 
Second  Edition,  with  Additions.    Super-royal  8vo,  cloth  .    £1   1  Qs. 

"  Thb  book  is  written  by  a  manufacturer  for  manufacturen.  The  working  details  of  the  most 
approved  forms  of  apparatus  are  pven,  and  these  are  accompanied  by  no  less  than  93*  wood 
encraTinifS,  all  of  which  may  be  used  for  the  purposes  of  construction.  Every  step  in  the  manu- 
facture is  very  fully  described  in  this  manual,  and  each  improvement  explained.  — AtkeM4tutH. 

"  We  nnd  not  merely  a  sound  and  luminous  explanation  of  the  chemical  principles  of  the 
trade,  but  a  notice  of  numerous  matters  which  have  a  most  important  bearinc^  on  the  successful 
conduct  of  alkali  works,  but  which  are  generally  overlooked  by  even  experienced  technological 
authors." — C^tmieai  Hevitw. 

THE  BLOWPIPE  IN  CHEMISTRY,  MINERALOGY,  AND 

QBOLOOY. 

Containing  all  known  Methods  of  Anhydrous  Analysis,  many  Working 
Examples,  and  Instructions  for  Making  Apparatus.  By  Lieut. -Colonel  W.  A. 
Ross,  R.A.,  F.G.S.  With  xao  Illustrations.  Second  Eklition,  Enlarged. 
Crown  8vo,  cloth 5/0 

"  The  student  who  goes  conscientiously  through  the  course  of  experimentation  here  laid  down 
will  gain  a  better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  '  got  up  *  any  of  the 
best  text-books  of  the  day,  and  passed  any  number  of  examinations  in  their  contmnXA,  —CAetnual 
News. 

THE  MANUAL  OP  COLOURS  AND  DYE-WARES. 

Their  Properties,  Applications,  Valuations,  Impurities  and  Sophistications. 
For  the  Use  of  Dyers,  Printers,  Drysaltcrs,  Brokers,  &c.  By  J.  W.  Slater. 
Second  Edition,  Revised  and  greatly  Enlarged.    Crown  8vo,  cloth  7/6 

"  A  complete  encyclopaedia  of  the  materia  tirutoria.  The  information  ^ven  respecting  each 
article  b  ftill  and  precise,  and  the  methods  of  determining  the  value  of  articles  such  as  these,  so 
Uable  to  sophistication,  are  given  with  clearness,  and  are  practical  as  well  as  valuable."— CA/mir/ 
tutd  Drugvist. 

"  "voiBn  is  no  other  work  which  covers  precisely  the  same  ground.  To  students  preparing 
for  exaininatloiis  in  dyeing  and  printing  it  will  prove  exceedingly  useful."— CAmpmoi/  New  s. 

A  HANDY  BOOK  POR  BREWERS. 

Being  a  Practical  Guide  to  the  Art  of  Brewing  and  Malting.  Embracing  the 
Craiclusions  of  Modem  Research  which  bear  upon  the  Practice  of  Brewing. 
By  Hbkbbkt  Edwards  Wright,  M.A.  Second  Edition,  Enlarged.  Crown 
8vo,  530  pp.,  cloth.  \Just  Publisfud.    1 2/6 

*'  May  be  consulted  with  advantage  by  the  student  who  Is  preparing  himself  for  examinational 
tests,  while  the  scieadiic  brewer  will  find  in  it  a  rdxumd  of  all  the  most  important  discoveries  of 
modem  times.  The  work  is  written  throughout  in  a  clear  and  concise  manner,  and  the  author 
takes  great  care  to  discrindnate  between  vague  theor.es  and  well-established  fiicts."— Arvawrj* 
yeumat. 

"  We  have  great  pleasure  in  recommending  this  handy  book,  and  have  no  hesitation  in  saying 
that  it  is  one  of  the  best— if  not  the  best— whkh  has  yet  been  written  on  the  subject  of  beer-brewing 
in  this  countiy ;  It  should  have  a  place  oo  the  shel\es  of  every  brewer's  library. "—^rvsMrr 
GMorcUan. 

"  Akhottgh  the  requirements  of  the  student  are  primarily  considered,  an  acquaintance  of  half- 
an-bour's  duntton  cannot  lall  to  impress  the  practical  brewer  with  the  sense  of  having  found  a 
trustworthy  guide  and  practical  counsellor  In  brewery  matters."— CAcOTtea/  Trade  J^umaL 

PUELS:    SOLID,   LIQUID,  AND  GASEOUS. 

Their  Analysis  and  Valuation.  For  the  Use  of  Chemists  and  Engineers.  By 
H.  J.  Phillips,  F.C.S.,  formerly^  Analytical  and  Consulting  Chemist  to  the 
G.E.  Rlwy.    Third  Edition,  Revised  and  Enlarged.    Crown  8vo,  cloth     2/0 

"  Ought  to  have  hs  place  In  the  laboratory  of  every  metallufgical  establishment  and  wherever 
Aie!  Is  ttaed  00  a  laige  scaw."— CA«M^a/  Nem  s 
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THE  ARTI5T5*  MANUAL  OF  PIGMENTS. 

Showing  their  Composition,  Conditions  of  Permanency,  Non-Permanency,  and 

Adulterations ;   Effects  in  Combination  with  Each  Gkher  and  with  V^des ; 

and  the  most  Reliable  Tests  of  Purity.  By  H.  C.  Standagb.  Crown  8vo.  2/6 

"  This  work  is  indeed  wtu/tufn-in-^f-vc,  and  we  can.  with  good  conscience,  recommend  it  to 

all  who  come  in  contact  with  pisnnents,  whether  as  maken,  dealen.  or  users.  "—CJkMnMs/  Jieti 


A  POCKET-BOOK  OF  MENSURATION  AND  GAUOINQ. 

Containing  Tables,  Rules,  and  Memoranda  for  Revenue  Officers,  Brewers, 
Spirit  Merchants,  &c.  By  J.  B.  Mant,  Inland  Revenue.  Second  Edition, 
Revised.     iBmo,  leather 4>/0 

"  This  handy  and  useful  book  b  adapted  to  the  requirements  of  the  Inland  Rerenue  Depait- 
•nent,  and  will  be  a  favourite  book  of  reference."— CrvtMH. 

"  Should  be  in  the  hands  of  every  practical  bfewer."— Sfvawrr'  yeurm^ 


INDUSTRIAL     ARTS,     TRADES,     AND 

MANUFACTURES. 

TEA  MACHINERY  AND  TEA  FACTORIES. 

A  Descriptive  Treatise  on  the  Mechanical  Appliances  required  in  the 
Cultivation  of  the  Tea  Plant  and  the  Preparation  of  Tea  for  the  Market.  By 
A.  J.  Wallis-Tavler,  A.  M.  Inst.  C.E.  Medium  8vo,  468  pp.  With  218 
Illustrations.  [J »si  Published.    Net  26/0 

SUMMARY  OF  CONTENTS  :  — MECHANICAL  CULTIVATION  OR  TILLAGE  OF  THE 
SOIL.— PH'CKING  OR  GATHERING  THE  LEAF.  — TEA  FACTORIES.— THE  DRESSING. 
MANLTFACU'RH,    OR     PREPARATION    OF     TEA    BY     MECHANICAL     MEANS.— ARTIFICIAL 

"withering  of  the  leaf.- machines  for  rolling  or  curling  the  leaf.- 
Fermenting  Process.— Machines  for  the  Automatic  Drying  or  Firing  ok  the 
i-f.af.— machines  for  non-automatic  drying  or  firing  of  the  leaf.— drying 
OK  Firing  Machines.— Breaking  or  Cutting,  and  Sorting  Machines.— Packing 

1  HH  TEA.— means  OF  TRANSPORT  ON  TEA  PLANTATIONS.— MISCELLANEOUS  MACHINERY 

AND  APPARATUS.— Final  Treatment  of  the  Tea.— Tables  and  Memoranda. 

"  The  subject  of  tea  machinery  is  now  one  of  the  first  Interest  to  a  \a.x^  class  of  people,  to 
whom  wc  strongly  commend  the  volume." — Chamber  tf/'ComtMerce  ycumal. 

"  When  tea  pLmting'  wis  first  introduced  into  the  British  possessions  Uttle,  if  imy,  machtaery 
was  employed,  but  now  its  use  is  almost  universal.  This  volume  contains  a  very  faH  account  of  the 
machinery  necesury  for  the  proper  outfit  of  a  factory,  and  also  a  description  of  the  iwocesses  beat 
carried  out  by  this  machinery."— 7«MrMa/  SocUty  ^Arts. 

FLOUR  MANUFACTURE. 

A  Treatise  on  Milline  Science  and  Ihactice.  By  Fribdrich  Kick,  Imperial 
Regierung^ath,  Professor  of  Mechanical  Technc^ogy  in  the  Imperial  Garman 
Pol3rtechnic  Institute,  Prague.  Translated  from  the  Second  Enlarged  and 
Revised  Edition  with  Supplement.  By  H.  H.  P.  Powlbs,  Assoc.  Memb. 
Institution  of  Civil  Engineers.     Nearly  400  pp.     Illustrated  with  38  Folding 

Plates,  and  167  Woodcutiv.    Rojral  8vo,  cloth £1  ff «. 

"  This  valuable  work  is.  and  will  remain,  the  standard  authority  00  the  science  of  m^ie.  .  .  . 
The  mlUer  who  has  read  and  digested  this  work  will  have  laid  the  foundation,  so  to  spealc,  of  a 
successful  career ;  he  will  have  acquired  a  number  of  general  principles  which  he  can  proceed  to 
apply.  In  this  handsome  volume  we  at  last  have  the  accepted  text-book  of  modem  miUng  in  good, 
sound  English,  whkh  has  Uttle,  if  any,  trace  of  the  German  idiom."— rA«  MiUtr. 

COTTON  MANUFACTURE. 

A  Manual  of  Practical  Instruction  of  the  Processes  of  Opening,  Carding, 
Combing,  Drawing,  Doubling  and  Spinning  of  Cotton,  the  Methods  of 
Dyeing,  &c.  For  the  Use  of  Operatives  Overlookers,  and  Manuiactarers. 
By  John  Listbr,  Technical  Instructor,  Pendleton.    8vo,  cloth     .        .     7/6 

"  a  distinct  advance  in  the  literature  of  cotton  manufacture." — Machinery, 

"  It  is  thoroughly  reliable,  fulfilling  nearly  all  the  requirements  desired."— G/sr/«v  HermU* 

MODERN  CYCLES. 

A  Practical  Handbook  on  their  Construction  and  Repair.     By  A.  J.  Wallis- 

Tavlkr,  A.  M.  Inst.  C.  E.    Author  of  "  Refricerating  Machinery,    &c.    With 

upwards  of  300  Illustrations.    Crown  8vo,  doth.  [7tMf  Pnblishtd.    1 0/6 

'* Tne  lazve  trade  that  is  done  in  the  component  parts  of  bicydes  has  placed  in  the  way  of 

men  mechanicaDy  inclined  extraordinary  facilities  for  buildtng  bicycles  for  their  own  use.  .  .  .  The 

book  will  prove  a  valuable  guide  for  all  those  who  aspire  to  the  manufacture  or  repair  of  their  owb 

machines.— 7  »g  Fte/d. 

"  A  most  comprehensive  and  up-to-date  treatise."— TAf  Cycle. 

"  A  very  useful  book,  which  is  quite  entitled  to  rank  as  a  standard  work  for  students  of  cycle 
conitructioa.  —HltetiiHg. 
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CBMBNT5,  PASTES,  QLUE5,  AND  QUM5. 

A  Practical  Guide  to  the  Manufacture  and  Application  of  the  various  Agglnti- 
nants  required  in  the  Building,  Metal* Working,  Wood>Working,  and  Leather- 
Working  Trades,  and  for  WorkshopL  Laboratory  or  Office  Use.  With  upwards 
of  900  Recipes  and  Formulse.  By  H.  C.  Standagb,  Chemist.  Third  Edition. 
Crown  8vo,  cloth.  [Just  Publishtd.    2/0 

"We  hare  pleasure  in  speakmg  farourably  of  this  Tohuna.  So  far  as  we  have  had 
experience,  which  is  not  inconstcierable,  this  manual  is  XTU3XwogOi,y."—AUun4mm, 

"  As  a  revelation  of  what  are  considered  trade  secrets,  this  book  wiU  aiouse  an  amount  of 
curiosity  among  the  large  number  of  industries  it  touches."— ^tfy  ChrenicU. 

THB  ART  OP  50AP-MAKINO. 

A  Practical  Handbook  of  the  Manufacture  of  Hard  and  Soft  Soaps,  Toilet 
Soaps,  &c.  Including  many  New  Processes,  and  a  Chapter  on  the  Recovery  of 
Glycerine  from  Waste  Leys.  By  Alx.  Watt.  Sixth  Edition,  including  an 
Appendix  on  Modem  Candlemaking.    Crown  8vo,  cloth. 

[Just  Published.    7/a 

"The  work  win  prove  very  useful,  not  merely  to  the  technological  student,  but  to  the 
practical  soap  boiler  who  wishes  to  understand  the  theory  of  his  axt.'—Chentical  News. 

"  A  thoroughly  practical  treatise  on  an  art  which  has  almost  no  literature  in  our  languitfe. 
We  congratulate  the  author  on  the  success  of  his  endeavour  to  fill  a  void  in  English  technical 
literature."— A'aAvr/. 

PRACTICAL  PAPER-MAKINQ. 

A  Manual  for  Paper- Makers  and  Owners  and  ManM^ers  of  Paper<Mtlls.  With 
Tables,  Calculations,  &c.  By  G.  Clappbrton,  Paper-Maker.  With  Illus* 
trations  of  Fibres  from  Micro-Photognraphs.     Crown  8vo,  cloth  .     S/O 

"  The  author  caters  for  the  requirements  of  responsible  mill  hzmds,  apprentices,  &c.,  whilst 
his  m»y«i^>  will  be  found  ofgreat  service  to  students  of  technology,  as  well  as  to  veteran  paper- 
makers  and  mill  owners.  The  illustrations  form  an  excellent  feature."— TAf  kVorld's  Paptr  Trad* 
Xrvirm. 

"  We  recommend  everybody  interested  in  the  trade  to  get  a  copy  of  this  thoroughly  practical 
book."— i^^r  MaJkine. 

THE  ART  OF  PAPER-MAKINQ. 

A  Practical  Handbook  of  the  Manufacture  of  Paper  from  Rags,  Esparto, 
Straw,  and  other  Fibrous  Materials.  Including  the  Manufacture  of  Pulp  from 
Wood  Fibre,  with  a  Description  of  the  Machinery  and  Appliances  used.  To 
which  are  added  Details  of  Processes  for  Recovering  Soda  from  Waste  Liquors. 
By  Alexander  Watt,  Author  of  "The  Art  of  Soap- Making."  With  Illus- 
trations.    Crown  Svo,  cloth 7/8 

"It  may  be  regarded  as  the  standard  work  on  the  subject.  The  book  is  full  of  valuable 
Information.  The  '  Art  of  Paper-Making '  is  in  every  respect  a  model  of  a  text-book,  either  for  a 
technical  class,  or  for  the  private  student. ' — Paftr  and  Printing  TraeUs  youmai. 

A  TREATISE  ON  PAPER. 

For  Printers  and  Stationers.  With  an  Outline  of  Paper  Manufacture ;  Complete 
Tables  of  Sizes,  and  Specimens  of  Different  Kinds  of  Paper.  By  Richard 
Parkinson,  late  of  the  Manchester  Technical  School.   Demy  Svo,  cloth. 

[Just  Published.    3/6 

THE  ART  OP  LEATHER  MANUFACTURE. 

Being  a  Practical  Handbook,  in  which  the  Operations  of  Tanning,  Currying, 
and  Leather  Dressing  are  fully  Described,  and  the  Principles  of  Tanning 
Explained,  and  many  Recent  Processes  Introduced  ;  as  also  Methods  for  the 
Estimation  of  Tannin,  and  a  Description  of  the  Arts  of  Glue  Boiling.  Gut 
Dressing,  &c.  By  Alexander  Watt,  Author  of  "  Soap-Making,  &c. 
Fourth  Edition.    Crown  8vo,  cloth 9/0 

"  A  sound,  comprehensive  treatise  on  tanning  and  its  accessories.  The  book  is  an  eminently 
valuable  production,  which  redounds  to  the  cremt  of  both  author  and  publishers  "—CA«»f^tei 
Review. 

THE  ART  OP  BOOT  AND  5H0E  MAKING. 

A  Practical  Handbook,  including  Measurement,  Last-Fitting,  Cuttine-Out, 
Closing  and  Making,  with  a  Description  of  the  most  approved  Machinery 
Employed.  By  John  B.«  Lend,  late  Editor  of  St.  Crispin^  and  Tiu  Boot  and 
Sko§'Mak»r.    zamo,  cloth 2/0 
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WOOD  ENQRAVINQ. 

A  Practical  and  Easy  Introduction  to  the  Study  of  the  Art.  By  W.  N.  Brown. 
i2mo,  cloth -f/Q 

"Tlie  book  is  clear  and  complete,  and  will  be  uasAil  to  anjr  one  wanting  to  ondentand  the 
fifst  elemenu  of  the  beautiful  an  or  wood  engraving."— Crv/A*c 

MODERN   HOROLOGY,   IN  THEORY   AND   PRACTICE. 

Translated  from  the  French  of  CuiUDius  Saunibr,  ex-Director  of  the  School 
of  Horology  at  Macon,  by  Julibn  Tripplin,  F.R.A.S.,  Besancon  Watch 
Manufacturer,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint.  With 
Seventy-eieht  Woodcuts  end  Twentv-two  Coloured  Copper  Plates.  Second 
Edition.     Super-royal  8vo,  cloth,  £2  2s.  ;  half-calf  .  .    £2  1 0s. 

"  Tbeie  is  no  horological  work  in  the  English  lanpia^  at  all  to  be  comuared  to  this  produc- 
tion of  M.  Saunier's  for  clearness  and  completeness.  It  is  alike  gfood  as  a  guide  for  the  student  and 
as  a  reference  for  the  experienced  horolopst  and  skilled  workman. " — Horoitgieai  y»utnal, 

"  The  latest,  the  most  complete,  and  tlie  most  rellaUe  of  those  literary  productions  to  i^kh 
continental  watchmakers  are  indebted  for  the  mechanical  superiority  over  their  EngUsh  bietbien 
—in  fact,  the  Book  of  Books,  is  M.  Saunier's  '  Treatise.'"— l#^a*Amai<r.  ytwti/tr.anSSiJvtrswtUh, 

THE  WATCH  ADJUSTER'S  MANUAL. 

A  Practical  Guide  for  the  Watch  and  Chronometer  Adjuster  in  Making, 
Springing,  Timing  and  Adjusting  for  Isochronism,  Positions  and  Temperatures. 
By  C.  £.  Fritts.    370  pp.,  with  Illustrations,  8vo,  cloth    .  .    10/O 

THE  WATCHMAKER'S  HANDBOOK. 

Intended  as  a  Workshop  Companion  for  those  engaged  in  Watchmaking  and 
the  Allied  Mechanical  Arts.  Translated  from  the  French  <^  CuiUDius 
Saunibr,  and  enlarged  by  Julisn  Tripplin,  F.R.A.S.,  and  Edward 
Rigg,  M.A.,  Assayer  in  the  Royal  Mint.     Third  EUlition.     8vo,  doth.      O/O 

"  Each  part  is  trulv  a  treatise  in  itself.  The  azTangement  is  good  and  the  language  is  clear 
and  concise.     It  is  an  aamirable  guide  for  the  young  watchmaker."— if i|tfiM<«n>^. 

"  It  is  imimssible  to  speak  too  highly  of  its  excellence.  It  fuUus  every  reoulfemcot  in  a 
handbook  intended  for  the  use  of  a  workman.  Should  be  found  in  every  worluhopw  '—H^atcA  mmd 
CiockmaJker. 

A  HISTORY  OP  WATCHES  &  OTHER  TIMEKEEPERS. 

By  Jambs  F.  Kendal,  M.B.H.  Inst.     Boards,  1/6;  or  cloth,  gilt      .    2/6 
"  The  best  which  has  yet  appeared  on  this  subject  in  the  English  language."— /m/auiHIei. 
"  Open  the  book  where  you  may,  there  is  interesting  matter  in  it  concerning  the  ingeaions 
devices  of  the  ancient  or  modem  horoioger." — Saturday  Revirw. 

ELECTRO-DEPOSITION. 

A  Practical  Treatise  on  the  Electrolysb  of  Gold,  Silver,  Copper^  Nickel,  and 
other  Metals  and  .\Uoys.  ^Vith  Descriptions  of  Voltaic  Batteries,  Magneto 
and  Dynamo-Electric  Machines,  Thermopiles,  and  of  the  Materials  and 
Processes  used  in  every  Department  of  the  Art,  and  several  CluHpters  on 
Electro-Metallurgy.  B^  Alexander  Watt,  Author  of  "Electro- 
Metalltirgy,"  &c.     Third  Edition,  Revised.    Crown  8vo,  cloth  .    9/0 

"Eminently  a  book  for  the  practical  worker  in  dcctro-depositioo.  It  contains  practical 
descriptions  of  methods,  processes  and  materials,  as  actually  pursued  and  used  in  tlw  woftsbopi.*'^ 
EngiHur. 

ELECTRO-METALLURQY. 

Practically  Treated.    By  Alexander  Watt.    Tenth  Edition,  ixMJtiding  the 

most  recent  Processes.     lamo,  cloth 8/6 

"  From  this  book  both  amateur  and  artisan  may  learn  everything  necessary  for  the  luccwftil 
prosecution  of  electroplating."— /rv»». 

JEWELLER'S   ASSISTANT    IN    WORKING    IN    QOLD. 

A  Practical  Treatise  for  Masters  and  Workmen,  Coinpiled  from  the  Experience 

of  Thirty  Years'  Workshop  Practice.     By  George  £.  Gee,  Author  of  "  The 

Goldsmith's  Handbook,"  &c    Crown  8vo,  d^ 7/6 

M  This  manual  of  technical  education  Is  appaicntly  destined  to  be  a  valnafale  aaxHaiy  to  a 
handicraft  which  b  certainly  capable  of  great  improveaMnL"— 7%c  Titius. 
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ELBCTROPLATINQ. 

A  Practical  Handbook  on  the  Deposition  of  Copper,  Silver,  Nickel,  Gold, 
Aluminium,  Brass,  Platinum,  &c.,  &&  By  J.  W.  Urquhakt,  C.B.  Fourth 
Ekiition,  Revised.    Crown  8vo,  cloth.  l/ust  PttJblished.    5/0 

"  An  excellent  practical  iD»maaL''—EngiM*eriHg. 

"  An  excellent  work,  giving  the  netnist  information."— /T^rv^ieifiea/  ytumal, 

ELECTROTYPINQ, 

The  Reproduction  and  Multiplication  of  Printing  Surfaces  and  Works  of  Art 
bv  the  Electro-Deposition  of  Metals.    By  J.  W.  Urquhart,  C.E.    Crown  8vo, 

cloth 5/0 

"  The  book  is  thoroagfaly  practical ;  the  reader  is,  therefore,  conducted  through  the  leading 

laws  of  electricity,  then  througn  the  metals  used  by  electrotypen,  the  apparatus,  and  the  depositing 

processes,  up  to  iJie  final  preparation  of  the  work.  — Art  yottmaU 

Q0LD5M1TH'5  HANDBOOK. 

By  Gborgb  E.  Gbb,  Jeweller,  &c.    Fifth  Edition.     lamo,  cloth    .        .    3/0 

"A  good,  sound  educator,  and  will  be  generally  accepted  as  an  authority."— ^«fvA)pt;ai/ 
JtumtU. 

SILVERSMITH'S  HANDBOOK. 

By  Gborgb  E.  Gbb,  Jeweller,  &c.  Third  Edition,  with  numerous  Illustra- 
tions,   lamo,  cloth 8/0 

"  The  chief  merit  of  the  work  Is  its  practical  character.  .  .  .  The  workers  in  the  trade  will 
speedily  discover  its  merits  when  they  sit  down  to  study  )X*— English  Mechanic 

\*  Th$  above  two  works  togethsr,  strongly  half-bound^  priu  7s, 


5HEET  METAL  WORKER'S  INSTRUCTOR. 

Comprising  a  Selection  of  Geometrical  Problems  and  Practical  Rules  fw 
Describing  the  Various  Patterns  Required  by  Zinc,  Sheet-Iron,  Coppter,  and 
Tin-Platc  Workers.  By  Reubbn  Henry  Warn.  New  Edition,  Revised  and 
greatly  Enlarged  by  Joseph  G.  Horner,  A.M.I.M.E.  Crown  8vo,  254  pp., 
with  43c  Illustrations,  cloth.  [Jt*st  Published.    7/6 

BREAD    &    BISCUIT    BAKER'S    &   SUQAR-BOILER'S 

A5SI3TANT. 

Including  a  large  variety  of  Modem  Recipes.    With  Remarks  on  the  Art  of 

Bread-making.  By  Robert  Wells.  Third  Edition.  Crown  8vo,  cloth  .   2/0 

"  A  laige  number  of  wrinkles  for  the  ordinary  cook,  as  well  as  the  bak.et."—SatMtrlay  Review, 

PASTRYCOOK  &  CONFECTIONER'S  GUIDE. 

For  Hotels,  Restaurants,  and  the  Trade  in  general,  adapted  also  for  Family 

'Use.    By  R.  Wells,  Author  of  "The  Bread  and  Biscuit  Baker."    Crown  8vo, 

cloth 2/0 

"  We  cannot  speak  too  higlily  of  this  really  excellent  work.    In  these  days  of  keen  competition 
our  readers  cannot  do  better  than  purchase  this  book."— BaJigrs'  Times. 

ORNAMENTAL  CONFECTIONERY. 

A  Guide  for  Bakers,  Confectioners  and  Pastrycooks ;  including  a  variety  of 

Modem  Recipes,  and  Remarks  on  Decorative  and  Coloured  Work.    With  120 

Original  Designs.    By  Robert  Wells.    Second  Edition.    Crown  8vo   .    SIO 

"  A  valuable  work,  practical,  and  should  be  in  the  hands  of  every  baker  and  confectioner. 

The  illustrative  designs  are  alone  worth  treble  the  amount  charged  for  the  whole  woik."—BaAers' 

Times. 

THE  MODERN  FLOUR  CONFECTIONER,  WHOLESALE 

AND  RBTAIL. 

Containing  a  large  Collection  of  Recipes  or  Cheap  Cakes,  Biscuits,  &c.    With 

remarks  on  the  Ingredients  Used  in  tneir  Manufacture.    By  Robert  Wells, 

Author  of  "  The  Bread  and  Biscuit  Baker,"  &c.    Crown  8vo,  cloth        .    2/0 

"  The  work  is  of  a  decidedly  practical  character,  and  in  every  recipe  regard  is  had  to  economical 

woMDf[."—Nerth  British  Daily  Mail. 

RUBBER  HAND  STAMPS 

And  the  Manipulation  of  Rubber.  A  Practical  Treatise  on  the  Manufacture  of 
Indiarubber  Hand  Stamps,  Small  Articles  of  Indiarubber,  The  Hektograph, 
Special  Inks,  Cements,  and  Allied  Subjects.  By  T.  O'Conor  Sloans,  A.M., 
Pd.D.    With  numerous  Illustrations.    Square  8vo,  cloth  fi/O 
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HANDYB00K8  FOR  HANDICRAFTS. 

BY  PAUL  N.  HASLUCK. 

Editor  of  "  Work  "  (New  Series),  Author  of  "  Lathe  Work,"  "  MUling  Machines/'  ftc. 

Crown  8vo,  144  pp.,  price  is.  each. 
Theu  Handybooks  hav*  been  mritt^n  to  supply  in/ormaUoH  for  Woekmkn. 
Students,  and  Amateurs  in  tfu  stiwal  Handicrafts,  on  tiu  actual  Pxacticb  of 
th*  WoKKSHOP,  and  are  intended  to  convy  in  plain  languaet  Technical  Know< 
LEDGE  of  tht  several  Crafts.  In  describing  th*  processes  em^yed^  and  the  manipu- 
lation  of  material,  workshop  terms  are  used ;  workshop  practice  is  fully  explainid  ; 
and  the  text  is  freely  illustrated  with  drawings  of  modem  tools,  appUatuss,  aeul 
processes. 

THB  METAL  TURNER'S  HANDYBOOK. 

A  Practical  Manual  for  Workers  at  the  Foot-Lathe.    With  over  xoo  Illus- 
trations.          1/0 

"  The  book  will  be  of  service  alike  to  the  amateur  and  the  ardsan  turner.    It  displars 
thorough  knowledge  of  the  subject."— ScwllrmaH. 

THE  WOOD  TURNER'S  HANDYBOOK. 

A  Practical  Manual  for  Workers  at  the  Lathe.    With  over  xoo  lUiutratioaa. 

1/0 

"  We  recommend  the  book  to  young  turners  and  amateurs.    A  multitude  of  woffanen  here 
Uthetto  sought  in  vain  for  a  manual  of  this  special  industry."— Af«JbaNftaa/  IVerld. 

THB  WATCH  JOBBER'S  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  Adjusting.    With  upwards  of 

xoo  Illustrations I/O 

"  We  strongly  advise  all  young  perwns  connected  with  the  watch  trade  to  acquire  and  study 
this  Inexpensive  woxk." —CUrkenwetl  ChronicU. 

THE  PATTERN  MAKER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Patterns  for  Founders.    With 

upwards  of  100  Illustrations I/O 

"A  most  valuable,  if  not  indispensable  manual  for  the  pattern  maker.  "^KnemttUgi:, 

THE  MECHANIC'S  WORKSHOP  HANDYBOOK. 

A   Practical   Manual  on   Mechanical  Manipulation,  embracing  Information 
on  various  Handicraft   Processes.    With    Useful    Notes  and  Miscellaneoas 

Memoranda.    Comprising  about  aoo  Subjects  1  /O 

"A  very  clever  and  useful  book,  which  should  oe  found  in  every  woiicshQp;  and  it  sboold 
certainly  find  a  place  in  all  technical  schools."— 5a/Nn/a>  Review. 

THE  MODEL  ENGINEER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Model  Steam  iB.ngines.    With 

upwards  of  100  Illustrations. I/O 

"  Mr.  Hosluck  has  produced  a  very  good  little  \)OQ!k.  "—BuiltUr. 

THE  CLOCK  JOBBER'S  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  Adjusting.    With  upwards  of 

100  Illustrations I/O 

"  It  is  of  inestimable  service  to  those  commencing  the  Xxid'b.''—C«V€Htry  Standard. 

THE  CABINET  MAKER'S  HANDYBOOK. 

A  Practical   Manual  on  the    Tools,   Materials,   Aopliances,   and    Processes 

employed  in  Cabinet  Work.    With  upwards  of  xoo  lAustrati<»is  -I/O 

"Mr.  Hasluck's  thorough-going  little  Handybook  is  amongst  the  most  practical  guides  we 
have  seen  for  beginners  in  cabinet-wonc  "—Sa/wr<iajr  Revieiu. 

THE     WOODWORKER'S     HANDYBOOK    OP    MANUAL 

INSTRUCTION. 

Embracing  Information  on  the  Tools,  Materials,  Appliances  and  Processes 

Employed  in  Woodworking.    With  T04  Illustrations I/O 

Opinions  of  the  Press. 
"  Written  by  a  man  who  knows,  not  only  how  work  ought  to  be  done,  but  how  to  do  k.  and 
how  to  convey  his  knowledge  to  others.  '—Engintertn^. 

"Mr.  Hasluck  writes  admirably,  and  gives  complete  instructions." — Enfinttr. 
"Mr.  Hasluck  combines  the  experience  of  a  practical  teacher  with  the  manipulathre  skill  and 
scientific  knowledge  of  processes  of  the  trained  mechanician,  and  the  manuals  are  marrels  of  what 
can  be  produced  at  a  oo^vXax phce."—Schooimaster. 

"  Helpful  to  woricmen  of  all  ages  and  degrees  of  experience."— At^jr  ChrtmiiU. 
"  Practical,  sensible,  and  remarkably  cheap." — youmat  ^^ Education. 
"  Concise,  clear,  and  practical."— So/Mn^r  RezHcw. 
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LE550N5  IN  COMMERCE. 

By  Professor  R.  Gambaro,  of  the  Royal  High  Commercial  School  at  Genoa. 
Edited  and  Revised  by  Jambs  Gault,  Professor  of  Commerce  and  Commercial 
Law  in  King's  College,  London.   Second  Edition,  Revised.   Crown  8vo   .   3/6 

"  The  pubUshers  of  this  work  have  rendered  considerable  senrice  to  the  came  of  commercial 
education  by  the  opportune  production  of  this  Tolume.  .  .  .  The  woric  is  peculiarly  acceptable  to 
English  readers  and  an  admirable  addition  to  existinsf  class  books.  In  a  phrase,  we  think  the  work 
attuns  its  object  in  ftimishing  a  brief  account  of  those  laws  and  customs  of  British  trade  with  which 
the  commercial  man  interested  therein  should  be  Cuniliar.  "—CAa»*A#r  of^Contnura  foumal, 

"  An  invaluable  guide  in  the  hands  of  those  who  are  preparing:  for  a  commercial  career,  and 
in  foct,  the  information  it  contains  on  matters  of  business  should  be  impressed  on  erery  one."« 
CoHfUtng  Houtt. 

THE  FOREIGN  COMMERCIAL  CORRESPONDENT. 

Being  Aids  to  Commercial  Corresfxindenoe  in  Five  Languages — English, 
French,  German,  Italian,  and  Spanish.  By  Conrad  E.  Bakbk.  Third 
Edition,  Carefully  Revised  Throughout.    Crown  8vo,  cloth. 

[Just  Publisfud.    4/6 

"  Whoever  wishes  to  correspond  In  aD  the  languages  mentioned  by  Mr.  Baker  cannot  do 
better  tlum  study  this  work,  the  materials  of  which  are  excellent  and  conveniently  arranged.  They 
consist  not  of  entire  specimen  letters,  but— what  are  tax  more  useful — short  passages,  sentences,  or 
phrases  expressing  the  same  general  idea  in  various  iorta&."—Atfunattin, 

"  A  careful  examination  has  convinced  us  that  it  is  unusually  complete,  weD  arranged  and 
rdable.    The  book  is  a  thorouglily  good  one.''StcMooimasier. 

FACTORY  ACCOUNTS:  their  PRINCIPLES  &  PRACTICE. 

A  Handbook  for  Accountxuits  and  Mauiufacturers,  with  Appendices  on  the 
Nomenclature  of  Machine  Details;  the  Income  Tax  Acts;  the  Rating  of 
Factories ;  Fire  and  Boiler  Insurance  ;  the  Factory  and  Workshop  Acts,  sc, 
including  also  a  Glossary  of  Terms  and  a  large  number  of  Specimen  Rulings. 
By  Emilk  Garcke  and  J.  M.  Fells.  Fourth  Edition,  Revised  and  Enlarged. 
Demy  8vo,  350  pp.,  strongly  bound d/0 

"  A  very  interesting  description  of  the  requirements  of  Factory  Accounts.  .  .  .  The  principle 
of  assimilating  the  Factory  Accounts  to  the  general  commercial  books  is  one  which  we  thoroughly 
agree  with."— ^crvMnA>M/r'  youmal. 

"  Characterised  by  extreme  thoroughness.  There  are  few  owners  of  factories  who  would  not 
derive  great  benefit  from  the  perusal  of  thte  most  admirable  woric"— Lacs/ CMwrnifKif/  ChrvnicU. 

MODERN  METROLOGY. 

A  Manual  of  the  Metrical  Units  and  Systems  of  the  present  Century.  With 
an  Appendix  containing  a  proposed  English  System.  By  Lewis  D.  A. 
Jackson,  A.  M.  Inst.  C.  £.,  Autnor  of  "  Aid  to  Survey  Practice,"  &c.  Large 
crown  Bvo,  cloth 1 2/8 

"We  recommend  the  work  to  all  interested  in  the  practical  reform  of  our  weights  and 
measures.  "—Naturt, 

A  SER1E5  OP  METRIC  TABLES. 

In  which  the  British  Standard  Measures  and  Weights  are  compared  with  those 

of  the  Metric  System  at  present  in  Use  on  the  Continent.   By  C.  H.  Dowling, 

C.E.    8 vo,  strongly  bound 10/6 

"  Mr.  Dowling's  Tables  are  well  put  together  as  a  ready  reckoner  for  the  conversion  of  one 
qrstem  into  the  oiO>mc."—Athenauni. 

THE  IRON  AND  METAL  TRADE5'  COMPANION. 

For  Expeditiotisly  Ascertaining  the  Value  of  any  Goods  bought  or  sold  by 
Weight,  from  zs.  per  cwt.  to  ixai.  per  cwt.,  and  from  one  farthing  per  pound  to 
one  shilling  per  pound.    By  Thomas  Downie.    396  pp.,  leather   .        .    Q/O 

"  A  most  useful  set  of  tables,  nothing  like  them  before  9c^aX9A.''—BuUding  Nrws. 
"  Although  specMlly  adapted  to  the  iron  and  metal  trades,  the  tables  wiU  be  fcnmd  useful  in 
every  other  bunness  in  which  merchandise  Is  bought  and  sold  by  weight."— ^«i/«w(y  Ntmts. 
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NUMBER.  WBIQHT,  AND  FRACTIONAL  CALCULATOR. 

Containing  upwards  of  950,000  Separate  Calculations,  showing  at  a  Glaooe  the 
Value  at  43a  Different  Rates,  rangmg  from  j^th  of  a  Penny  to  aos.  each,  or  per 
cwt.,  and  j^ao  per  ton,  of  any  number  of  articles  consecutively,  frmn  i  to  470L 
Any  number  of  cwts.,  ors.,  and  lbs.,  from  x  cwt.  to  470  cwts.  Any  number  of 
tons,  cwts.,  qrs.,  and  lbs.,  from  x  to  x,ooo  tons.  By  William  Chadwick, 
Public  AccountanL    Third  Eklition,  Revised.    8vo,  strongly  bound    .    i  Qt/Q 

"  It  Is  as  easy  of  refieraoce  for  any  answer  or  anv  number  of  answers  as  a  dIctloBazy.  Far 
making  up  accounts  or  estimates  the  book  must  prove  invaluable  to  aO  who  have  any  consdenfale 
quantity  of  cokuUtions  involving  price  and  measure  in  any  combination  to  do.'''~£nfiM4tr. 

"  The  most  peifcct  work  of  the  Icind  yet  prepax9d."—GUugva/  UtreUd^ 

THE  WEIGHT  CALCULATOR. 

Being  a  Series  of  Tables  upon  a  New  and  Comprdiensive  Plan,  exhibitiag  at 
one  Keference  the  exact  Value  of  any  Weight  frx>m  x  lb.  to  15  tons,  at  300 
Progressive  Rates,  froA  xd,  to  x68s,.  per  cwt.,  and  containing  186.000  Dixect 
Answers,  which,  with  their  Combinations,  consisting  of  a  single  additioo 
(mostly  to  be  performed  at  siehtX  will  afford  an  aggregate  <»  10,366,000 
Answers ;  the  wnole  being  odculated  and  designed  to  ensure  correctness  and 
promote  despatch.  By  Hbnry  Harben,  Accountant.  Fifth  Edition,  carcfolly 
Corrected.    Koyal  8vo,  strongly  half-bound iSI  Ss. 

"  A  practical  and  useful  work  of  reference  for  men  of  business  seoennv."— /r«»ftiw«>tfvr. 

"  Cn  priceless  value  to  bastness  men.  It  is  a  necessary  book  in  all  mercantile  omoes.'— 
Sk^ffUtd  lndiftHd€nt, 

THE  DISCOUNT  GUIDE. 

Comprising  several  Series  of  Tables  for  the  Use  of  Merchants,  Mannfactorcn, 
Ironmongers,  and  Others,  by  which  maybe  ascertained  the  Exact  Profit  arising 
from  anv  mode  of  using  Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and 
the  method  of  either  Altering  a  Rate  of  Discount,  or  Advancing  a  Price,  so  as 
to  produce,  by  one  operation,  a  sum  that  will  realise  any  required  Pr<^t  after 
allowing  one  or  more  Discounts :  to  which  are  added  Tables  of  Profit  or 
Advance  from  z^  to  90  per  cent.,  Tables  of  Discount  from  x^  to  98!  per  cenu, 
and  Tables  of  Commission,  &c.,  from  |  to  10  per  cent.  By  Hbnry  HAJtBEN, 
Accountant.    New  Edition,  Corrected.    Demy  8vo,  half-bound      .    £1  6s. 

"  A  book  such  as  this  can  only  be  appreciated  by  IxtsinesB  men,  to  whom  the  saving  of  time 
means  saving  of  money.  The  work  must  prove  of  great  value  to  merclaants,  maaulkcturas,  and 
general  traders."— JVriMrA  Trmd9  JtumaU 

TABLES  OF  WAGES. 

At  54i  52i  50  *n<l  48  Hours  per  Week.  Showing  the  Amounts  of  Wages  frooi 
One  quarter  of  an  nour  to  Sixty-four  hours,  in  each  case  at  Rates  of  Wages 
advancing  by  One  Shilling  from  4s.  to  555.  per  week.  By  Tmos.  Garbutt, 
Accountant.    Square  crown  8vo,  half-bound 6/0 

IRON-PLATE  WEIGHT  TABLE5. 

For  Iron  Shipbuilders,  Engineers,  and  Iron  Merchants.  Containing  the 
Calculated  Weights  of  upwards  of  150,000  different  sizes  of  Iron  Plates  from 
I  foot  by  6  in.  by  \  in.  to  10  feet  by  5  feet  by  x  in.  ^  Worked  out  on  the  Basis  of 
40  lbs.  to  the  square  foot  of  Iron  of  i  inch  in  thickness.  By  H.  Buklinson 
and  W.  H.  Simpson.    4to,  half-bound £1  6t. 

MATHEMATICAL  TABLES  (ACTUARIAL). 

Comprising  Commutation  and  Conversion  Tables,  Logarithms,  Cologarithms, 
Antilogarithms  and  Reciprocals.  By  J.  W.  Gordon.  Koyal  8vo,  mounted 
on  canvas,  in  cloth  case.  [Just  Publithsd,    6/0 
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THE    COMPLETE    QRAZIER    AND     PARMER'S    AND 

CATTLB  BREBDBR'S  ASSISTANT. 

A  Compendium  of  Husbandry.  Originally  Written  b^  William  Youatt. 
Fourteenth  Edition,  entirely  Re-written,  considerably  Enlarged,  and  brought 
up  to  Present  Requirements,  by  William  Frbam,  LL.D.,  Assistant  Com* 
misaioner,  Royal  Commission  on  Agriculture,  1893,  Author  of  "  The  Elements 
of  Agriculture,"  &c.  Royal  8vo,  z,ioo  pp.,  with  over  450  Illustrations, 
handsomely  bound.  [  jusi  Publisfud,    £1   lit.  60. 

SUMMARY  OF  CONTENTS. 
BOOK  I.    ON  THB  VARIBTIBS,  BRBBDING.  BOOK  VII.     ON  THB  BRBBDING,  REARING. 

Rearing,    Fattening   and   Manage-    |       and  Management  of  Poultry. 
MENT  OF  Cattle.  1    Book  VIII.     on    Farm   Offices    and 

Book  II.    on  the  Economy  and  Man-  Implements  of  Husbandry. 

AGBMENT  OF  THE  DAIRY.  i   BOOK  IX.  ON  THB  CULTURE  AND  MAN- 

Book  III.  On  the  Breeding,  Rearinc,  agement  of  Grass  Lands. 

AND  Management  of  Horses.  Book  X.  On  the  Cultivation  and 

Book  IV.  on  the  Breeding,  Rearing,  application  of  Grasses.  Pulse  and 

AND  Fattening  of  sheep.  ,   Roots. 

Book  v.  on  the  breeding.  Rearing,  '  Book  XI.  On  MANimss  and  their 

AND  FATTBNING  OF  SWINB.  i  APPLICATION     TO     GRASS     LAND    AND 

Book  vi.    on  thb  diseases  op  Ljvb  Crops. 

STOCK.  I    Book  XII.    Monthly   Calendars  op 

'       Farmwork. 

%*   Opinions  op  thk  Press  on  thb  New  Edition. 

"  Dr.  Fream  Is  to  be  congratulated  on  the  successful  attempt  he  has  nuule  to  give  us  a  work 
which  will  at  once  become  the  standard  classic  of  the  6inn  practice  of  the  country.  We  believe 
that  it  will  be  found  that  it  has  no  compeer  among  the  many  worlcs  at  present  in  existence.  .  .  . 
The  illustrations  are  admirable,  while  the  frontispiece,  which  represents  the  well-known  buU, 
New  Year's  Gift,  owned  by  the  Queen,  is  a  work  of  art."— rA«  Tinus. 

"The  book  must  be  recognised  as  occupying  the  proud  position  of  the  most  exhaustive  work 
of  reference  hi  the  English  language  on  the  subject  with  which  it  deals."— yfM^mcrMm. 

"The  most  comprehensive  guide  to  modem  farm  practice  that  exists  in  the  English  language 
to-day.  .  .  .  The  Dook  is  one  that  ought  to  be  on  every  farm  and  in  the  library  of  every  land 
owner."— AAtnk  Lane  Express. 

"  In  point  of  exliaustivenesa  and  accuracy  the  work  wiO  certainly  bold  a  pre-eminent  and 
unioue  position  among  books  dealing  with  scientific  agricultural  practice.  It  is,  in  fact,  an  agricul- 
tural library  of  itself.'— A^^rM  BriHsk  Agriculturist. 

"  A  compendium  of  authoritative  and  well-ordered  knowledge  on  every  conceivable  branch  of 
the  work  of  the  live  stock  fanner;  probably  without  an  equal  in  this  or  any  f»ther  country."— 
Yorkshire  Post. 

FARM  LIVE  STOCK  OF  GREAT  BRITAIN. 

By  Robert  Wallacb,  F.L.S.,  F.R.S.E..  &c.,  Professor  of  Agriculture  and 
Rural  Economy  in  the  University  of  EMinourgh.  Third  Edition,  thoroughly 
Revised  and  considerably  Enlarged.  With  over  xao  Phototypes  of  Prize 
Stock.    Demy  8vo,  384  pp.,  with  79  Plates  and  Maps,  doth.  .    12/6 

"  A  really  complete  work  on  the  history,  breeds,  and  management  of  the  foim  stock  of  Great 
Britain,  and  one  wliich  is  likely  to  find  its  way  to  the  shelves  of  every  country  gentleman's  library." 
^■The  Times. 

"  The  latest  edition  of '  Farm  Live  Stock  of  Great  Britain '  is  a  production  to  be  proud  of,  and 
its  issue  not  the  least  of  the  services  which  its  author  has  rendered  to  agricultural  science."— 
ScottisA  Fanner. 

"  The  book  is  very  attractive,  .  .  .  and  we  can  scarcely  imagine  the  existence  of  a 
fanner  who  would  not  like  to  have  a  copy  of  this  beautiful  and  useful  wotk.— Mark  Lane  Es^rtss. 

NOTE-BOOK  OF  AGRICULTURAL  FACTS  &  FIGURES 

FOR  PARMBRS  AND  FARM  STUDENTS. 

By  Primrosk  McConnell,  B.Sc,  Fellow  of  the  Highland  and  Agriculttiral 

Society,  Author  of  "  Elements  of  Fanning."  Sixth  Edition,  Re-vrritten,  Revised, 

and  greatly  Enlarged.      Fcap.  8vo,  480  pp.,  leather,     [/tw/  Published.    6/0 

SUMMARY  OP  Contents  :  surveying  and  Levelling.  —  weights  and 
Measures.  —  Machinery  and  Buildings.  —  Labour.  —  Operations.  —  Draining.  — 
embanking.—  geological  memoranda.—  soils.—  manures.—  cropping.—  crops.— 

ROTATIONS.  —  WEEDS.—  FEEDING.  —  DAIRYING.—  LIVE   STOCK.  —  HORSES.  —  CATTLB.  — 
SKEEP.—PIGS.— POULTRY.— FORESTRY.— HORTICULTURE.— MISCELLANEOUS. 

"  No  farmer,  and  certainly  no  agricultural  student,  ought  to  be  without  this  muthm^-in'Parvo 
manual  of  all  subjects  connected  with  the  farm."— yVprM  British  Apriculturist. 

"  This  little  pocket-book  contains  a  large  amount  of  useful  information  upon  all  Unds  of  agri- 
cultural subjects.    Something  of  the  kind  has  long  been  wanted."— J/(erik  Laiu  Express. 

"  The  amount  of  InfonnatkMi  it  contains  Is  most  surprising ;  the  arrangement  of  the  matter  is 
m  methoflk'al  althfrngh  itrrfTrmrfnMsrt  u  trrYvtMiMmm  ti>  nmrynnn whtr  takirs  w  gif"'^thT?*igti 
its  pages.    They  teem  with  uifonnatlaii.'*— ^(Btm  mmd  Hcmti. 


^ 
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BRITISH  DAIRYING. 

A  Handy  Volume  on  the  Work  of  the  Dairy-Fann.  For  the  Use  of  Technical 
Instruction  Classes,  Students  in  Agricultoral  Colleges  and  the  Warkine  D«ry- 
Farmer.  By  Prof.  J.  P.  Skkloon.  With  Illustrations.  Second  Kditioo, 
Revised.    Crown  8vo,  cloth.  [  Juit  Publislud,    2/6 

"  Confidently  reconunended  u  a  uselul  text-book  on  dairy  taxtaia^."—jtgTicHlhtrm/  G*Mtm. 
"  Probably  the  best  half-crown  manual  on  daily  work  that  has  yet  been  pfodnoed."— ASprCft 
British  Asyicuihtrist, 

"  It  U  the  soundest  little  work  we  have  yet  seen  on  the  subject."—?^  Times. 


MILK,  CHEESE,  AND  BUTTER. 

A  Practical  Handbook  on  their  Properties  and  the  Processes  of  their  Produc- 
tion. Including  a  Chapter  on  Cream  and  the  Methods  of  its  Separation  from 
Milk.  By  Tohn  Olivbk,  late  Principal  of  the  Western  Dairy  Institute, 
Berkeley.    With  Coloured  Plates  and  200  Illustrations.    Crown  8vo,  cloth. 

7/6 

"  An  exhaustlTe  and  masterly  production.  It  may  be  cordially  recommended  to  all  students 
and  practitioners  of  dairy  science.  —>^<rr<A  British  AgriculturisL 

"We  recommend  this  Tery  comprehensive  ana  carefully-written  book  to  daiiy-brmen  and 
students  of  dairying.  It  is  a  distmct  acquisition  to  the  library  of  the  agriculturist.  —AgneuUurai 
GoMettt. 

SYSTEMATIC  SMALL  FARMING. 

Or,  The  Lessons  of  My  Farm.    Being  an  Introduction  to  Modem  Fann 

Practice  for  Small  Farmers.     By  R.  Scott  Burn,  Author  of  "Outlines  of 

Modern  Farming,"  &c.    Crown  6vo,  cloth 6/0 

"  This  is  the  completest  book  of  its  class  we  have  seen,  and  one  which  ereiy  amateur  temer 
will  read  with  pleasure,  and  accept  as  a  guide."— F»r/irf. 

OUTLINES  OF  MODERN  FARMING. 

By  R.  Scott  Burn.  Soils,  Manures,  and  Crops — Farming  and  Fanning 
Economy— Cattle,  Sheep,  and  Horses — Management  of  Dairy^  Pigs,  and 
Poultry — Utilisation  of  Town-Sewage,  Irrigation,  &c.  Sixth  Edition.  In  One 
Vol.,  1,250  pp.,  half-bound,  profusely  Illustrated    .....    12/0 

FARM  ENQINEERINQ,  The  COMPLETE  TEXT-BOOK  of. 

Comprising  Draining  and  Embanking  ;  Irrigation  and  Water  Supply  ;  Farm 
Roads,  Fences  and  Gates  ;  Farm  Buildings ;  Barn  Implements  and  Machines; 
Field  Implements  and  Machines  ;  Agricultural  Surveying,  &c.  Bv  Professw 
John  Scott.    In  One  Vol.,  x.zso  pp.,  half-bound,  with  over  600  Illusirations. 

12/0 
"  Written  with  great  care,  as  well  as  with  knowledge  and  ability.    The  author  has  done  hb 
work  well ;  we  have  found  htm  a  very  trustworthy  guide  wherever  we  have  tested  his  statements. 
The  volume  wiU  be  of  great  value  to  agricultural  students."— AfarA  Latu  Exprtss. 

THE  FIELDS  OF  GREAT  BRITAIN. 

A  Text-Book  of  Agriculture.  Adapted  to  the  Syllabus  of  the  Science  and 
Art  Department.  For  Elementary  and  Advanced  Students.  By  Hugh 
Clements  (Board  of  Trade).  Second  Edition,  Revised,  with  Additions. 
x8mo,  cloth 2/6 

"  It  is  a  long  time  since  we  have  seen  a  book  which  has  pleased  us  more,  or  which  contatas 
such  a  vast  and  useful  fund  of  knowledge." — Educationai  Tima. 

TABLES  and  MEMORANDA  for  FARMERS,  QRAZIERS, 

AQRICULTURAL  5TUDENT5,  5URVBVOR5,  LAND  AQBNTS, 
AUCTIONEERS,  &c. 

With  a  New  System  of  Farm  Book-keeping.  Bv  Sidney  Francis.  Fifth 
Edition.    373  pp.,  waistcoac-pockei  size,  limp  leather       .  .        •    1/6 


"  Weighing  less  than  i  oz.,  and  occupyiiurno  more  space  than  a  match-box*  it  contains  ai 
cts  and  calculations  which  has  never  before,  in  such  handv  form,  been  obtainatdcu    Ev«iy 
operation  on  the  farm  is  dealt  with.    The  work  may  be  taken  as  thoroughly  accurate,  the  whole  of 


the  tables  having  been  revised  by  Dr.  Fream.    We  cordially  recommend  it."— S€Ws  ff^ttJUj 
Messenger. 

THE     ROTHAMSTED     EXPERIMENTS    AND     THEIR 

PRACTICAL  LB550N5  FOR  FARMERS. 

Part  I.  Stock.    Part  II.  Crops.    By  C.  J.  R.  Tippbr.    Crown  8vo,  doth. 

[Just  Publisktd.    3/6 

**  We  have  no  doubt  that  the  book  will  be  welcomed  by  a  large  class  of  termers  and  ottwn 
interested  In  agrlcuiture."— ^JtsniVan/. 
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FERTILISERS   AND    FEEDING   5TUFF5. 

A  Handbook  for  the  Practical  Fanner.    By  Bernard  Dybr,  D.Sc.  (Lond.) 
With  the  Text  of  the  Fertilisers  and  Feeding  Stuffs  Act  of  1893.  &c.    Third 
Edition,  Revised.    Crown  8vo,  cloth.  [Jitst  PuSlished.     1  /Q 

"This  little  book  is  precisely  what  it  professes  to  be— 'A  Handbook  for  the  Practical 
Farmer.'  Dr.  Dyer  has  done  fanneis  srood  service  in  placing  at  their  disposal  so  much  useful 
Infomation  in  so  tntelligible  a  form."— rA«  Timtt. 

BEES  FOR  PLEASURE  AND  PROFIT. 

A  Guide  to  the  Manipulation  of  Bees,  the  Production  of  Honey,  and  the 
General  Management  of  the  Apiarv.  By  G.  Gordon  Samson.  With 
numerous  Illustrations.    Crown  8vo,  cloth 1/0 

BOOK-KEEPING  for  FARMERS  and  ESTATE  OWNERS. 

A  Practical  Treatise,  presenting,  in  Three  Plans,  a  System  adapted  for  all 
Classes   of   Farms.    By   Johnson    M.    Woodman,    Chartered    Accountant. 

Second  Edition,  Revised.   Crown  8vo,  cloth 2/6 

**  The  Tolume  is  a  capital  study  of  a  most  important  subject."— ^/r;<CM//Mra/  GaMttte. 

WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK. 

Giving  Weekly  Lahour  Account  and  Diary,  and  showing  the  Income  and 
Expenditure  under  each  Department  of  Crops,  Live  Stock,  Dairy,  &c.,  &c. 
With  Valuation,  Profit  and  Loss  Account,  and  Balance  Sheet  at  the  End  of  the 
Year.    By  Johnson  M.  Woodman,  Chartered  Accountant.    Second  Edition. 

Folio,  half-boond Net  7/6 

"Contains  erety  requisite  form  for  keeping  (arm  accounts  readily  and  accurately."— 
Agricuiturt, 

THE  FORCING  GARDEN. 

Or,  How  to  Grow  Early  Fruits,  Flowers  and  Vegetables.  With  Plans  and 
Estimates  for  Building  ulasshouses,  Pits  and  Frames.     With  Illustrations. 

By  Samuel  Wood.    Crown  8vo,  cloth 3/6 

"  A  good  book,  containing  a  great  deal  of  rahiaUe  teaching."— G^ntowrr*  MmgaMint. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING. 

Or,  How  to  Grow  Vegetables,  Fruits,  and  Flowers.    By  S.  Wood.    Fourth 

Edition,  with  considerable  Additions,  and  numerous  Illustrations.     Crown 

8vo,  doth 3/6 

"  A  Tery  good  book,  and  one  to  be  highly  recommended  as  a  practical  gulda  The  practical 
directions  are  eacellent.  "—Atfutuntfn, 

MULTUM-IN-PARVO  GARDENING. 

Or,  How  to  Make  One  Acre  of  Land  produce  /620  a  year,  by  the  Cultivation 
of  Fruits  and  Vegetables ;  also,  How  to  Grow  Flowers  in  Three  Glass  Houses, 
so  as  to  realise  ^176  per  annum  clear  Profit.  By  Samubl  Wood,  Author  of 
"  Good  Gardening,   &c.     Sixth  Edition,  Crown  8vo,  sewed  •I/O 

"We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and  gentle- 
man's gardener,  but  to  the  market  grower. "— CarrfoKrf '  MagaJtiftt. 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN. 

And  Amateur's  Complete  Guide.    By  S.  Wood.    Crown  8vo,  cloth  3/6 

"  Full  of  shrewd  hints  and  useful  instructions,  based  on  a  lifetime  of  experience."— ScvOwmm. 

POTATOES:  HOW  TO  GROW  AND  5H0W  THEM. 

A  Practical  Guide  to  the  Cultivation  and  General  Treatment  of  the  Potato. 
By  J.  Pink.    Crown  8vo 2/0 

MARKET  AND  KITCHEN  GARDENING. 

By  C.  W.  Shaw,  late  Editor  of  GartUning  Illustrated.    Cloth  .    3/6 

**  The  moit  vahaable  compendium  of  Utcben  and  marint-garden  work  published."— ^anw^r. 
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AUCTIONEERING,    VALUING,    LAND 
SURVEYING,  ESTATE  AGENCY,  &c. 


i; 


INWOOD'5    TABLES    FOR    PURCHASING    ESTATES 

AND  FOR  THE  VALUATION  OP  PROPBRTIBS, 

Including  AdvowMns,  Assurance  Policies,  Copyholds,  Deferred  Annuities, 
Freeholds,  Ground  Rents,  Immediate  Annuities,  Leaseholds,  Life  Interests, 
Mortgages,  Perpetuities,  Renewals  of  Leases,  Reversions,  Sinking  Funds, 
&c.,  &c.  86th  Edition,  Revised  and  Extended  bv  William  Schooling, 
F.R.A.S.,  with  Logarithms  of  Natural  Numbers  and  Thoman's  Logarithmic 
Interest  and  Annuity  Tables.     360  pp.,  Demy  8vo,  cloth. 

\Ju*t  Publidud.    Net^O 
"  Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of  cooipensatioo 
cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c..  wiD  nnd  the  present  editioii  of 
eminent  service." — Ennnetring. 

"  Tilts  valuable  oook  has  been  considerably  enlarffcd  and  improved  by  the  labours  of 
Mr.  Schoolini^,  and  is  now  very  complete  indeed.'— Eofnomis/. 

"  Alto{;ether  this  edition  will  prove  of  extreme  value  to  many  classes  of  professional  men  in 
s.iving  them  many  lonj;  and  tedious  calculations.'*— /nrvx/^rr'  Xevinv. 

THE  APPRAISER,  AUCTIONEER,  BROKER,  HOUSE 

AND  BSTATB  AQBNT  AND  VALUER*^  POCKET  ASSISTANT. 

For  the  Valuation  for  Purchase,  Sale,  or  Renewal  of  Leases,  Annuities,  and 
Reversions,  and  of  Property  generally ;  with  Prices  for  Inventories,  &c.  By 
]oHN  Whbblbr,  Valuer,  &c.  Sixth  Edition,  Re*written  and  greatly  Extended 
>y  C.  NoRRis,  Surveyor,  Valuer,  &c.    Royal  szmo,  cloth  fi/Q 

**  A  neat  and  concise  book  of  reference,  containing  an  admirable  and  dearly-artaneed  list  of 
pikes  for  inventories,  and  a  veiv  practical  guide  to  determine  the  value  of  furniture,  Ac  "—^StnmUttd. 

"  Contains  a  large  quantity  of  varied  and  useful  information  as  to  the  valuation  for  purcbaae, 
sale,  or  renewal  of  leases,  annuities  and  lerefsions,  and  of  property  generally,  with  prices  fot 
Inventories,  and  a  guide  to  determine  the  value  of  Interior  fittings  and  other  effscts.*— ^s<i/(irr. 

AUCTIONEERS:  THEIR  DUTIES  AND  LIABILITIES. 

A  Mantud  of  Instruction  and  Counsel  for  the  Yoang  Auctioneer.  ^  By  Robbxt 
Squibbs,  Auctioneer.  Second  EWtioo,  Revised  and  partly  Re-wxitten.  Demy 
8vo,  doth 1 2/6 

"  The  standard  text-book  on  the  topics  of  whkh  it  treats."— ^M«m«wik. 

"  The  work  is  one  of  general  exceDent  character,  and  gives  much  Infennatkm  In  a  ooo* 
pendious  and  satisfactory  §otm."Suileler. 

"  May  be  reconunended  as  giving  a  great  deal  of  Informatlan  OQ  the  law  rdatfaig  to 
auctioneers.  In  a  very  readable  fonn7'— Z^nc  y^ttmal. 

"  Auctioneers  may  be  congratulated  on  naving  so  pleasing  a  writer  to  mfailifr  to  their  special 
needs."— 50/MA^r'  yvttrtuU. 

THE  AGRICULTURAL  VALUER'S  ASSISTANT. 

A  Practical  Handbook  on  the  Valuation  of  Landed  Estates ;  indoding 
Example  of  a  Detailed  Report  on  Management  and  Realisation;  Forms  of 
Valuations  of  Tenant  Right  ;^  Lists  of  Local  Agricultural  Customs ;  Scales  of 
Compensation  under  the  Agricultural  Holdings  Act,  and  a  Brief  Treatise  on 
Compensation  under  the  Lands  Clauses  Acts,  &c  By  Tom  Bright,  Agricul- 
tural Valuer.  Author  of  *|The  Agricultural  Surveyor  and  Estate  Agent's 
Handbook."  Fourth  Edition,  with  Appendix  containing  a  Digest  of  the 
Agricultural  Holdings  Acts,  1883  and  1900.    Crown  8vo,  doth. 

\J%si  Published,    Net  6/0 
"  Full  of  tables  and  examples  In  connection  with  the  valuation  of  tenant-right,  estates,  labour, 
contents  and  weights  of  timber,  and  farm  produce  of  all  kinds." — Ag^ricultttrmJ  Ga-sette. 

"  An  eminendy  practical  handbook.  fuQ  of  practical  tables  and  dataof  uiuloubted  interact  and 
value  to  surveyors  ana  auctioneers  in  preparing  valuations  of  all  kinds."— /^cmMr. 

POLE  PLANTATIONS  AND  UNDERWOODS. 

A  Practical  Handbook  on  Estimating  the  Cost  of  Forming,  Renovating, 
Improving,  and  Grubbing  Plantations  and  Underwoods,  their  Valuation  for 
Purposes  of  Transfer,  Rental,  Sale  or  Assessment.  By  Tom  Bright.  Crown 
8vo,  doth 3/8 

"  To  valuers,  foresters  and  agents  it  will  be  a  wdcome  aid."— AiprCft  British  AgricuUurist, 
"  Well  calculated  to  assist  the  valuer  in  the  discharge  of  his  duties,  and  of  undoubted  faiteratt 
and  use  both  to  surveyors  and  auctkmeen  in  preparing  valnatlom  of  aD  Unda  "—Kent  HenUJU 
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AGRICULTURAL  SURVEYOR  AND  ESTATE  AGENT'S 

HANDBOOK. 

Of  Practical  Rules,  Formuls,  Tables,  and  Data.  A  Comprehensive  Manaal 
for  the  Use  of  Surveyors,  Agents,  Landowners,  and  others  interested  in  the 
Equipment,  the  Management,  or  the  Valuation  of  Landed  Estates.  By 
Tom  Bright,  Agricultural  Surveyor  and  Valuer,  Author  of  "The  Agri- 
cultural  Valuer's  Assistant,"  &c.    With  Illustrations.      Fcap.  8vo,  Leather. 

l/usi  Published,    Net  7/6 

"  An  exceedinjply  useful  book,  the  contents  of  which  are  admirably  chosen.  The  classes  for 
whom  the  work  is  intended  will  find  it  convenient  to  have  this  comprehensive  handbook  accessible 
for  reference."— Z.rz*  Stock  youmal. 

"  It  Is  a  sinsfularly  compact  and  well  informed  compendium  of  the  facts  and  figures  likely  to 
be  required  in  estate  work,  and  is  certain  to  prove  of  much  service  to  those  to  whom  it  is 
addressed." — Scotsman. 

THE  LAND  VALUER'S  BEST  ASSISTANT. 

Being  Tables  on  a  very  much  Improved  Plan^  for  Calculating^  the  Value  of 
Estates.  With  Tables  for  reducing  Scotch,  Irish,  and  Provincial  Customary 
Acres  to   Statute    Measure.  &c.    By    R.    Hudson,    C.E.      New   Edition. 

Royal  32mo,  leather,  elastic  oand 4/0 

"  Of  incalculable  value  to  the  country  g^entleman  and  professional  man.  "—/^orwwrx'  yaumal. 

THE  LAND  IMPROVER'S  POCKET-BOOK. 

Comprising  Formulae,  Tables,  and  Memoranda  required  in  any  Computation 
relatmg  to  the  Permanent  Improvement  of  Landed  Property.  By  ToHN  Ewart, 
Surveyor.    Second  Edition,  Revised.    Royal  samo,  oblong,  leather       .    4/0 
"A  compendious  and  handy  Uttle  volume.  "—S/€Clat«r, 

THE    LAND   VALUER'S    COMPLETE    POCKET-BOOK. 

Being  the  above  Two  Works  bound  together.     Leather  ....    7/6 

HANDBOOK  OP  HOUSE  PROPERTY. 

A  Popular  and  Practical  Guide  to  the  Purchase,  Mortgage,  Tenancy,  and 
Compulsory  Sale  of  Houses  and  Land^  including  Dilapidations  and  Fixtures  : 
with  Examples  of  all  kinds  of  Valuations,  Information  on  Building  and  on  the 
ri^ht  use  of  Decorative  Art.  By  E.  L.  Tarbuck,  Architect  and  Surveyor. 
Sixth  Edition,     zamo,  cloth fi/Q 

"  The  advice  is  thoroughly  practical" — Ixrw  youmal. 

"  For  all  who  have  dealings  with  house  property,  this  is  an  Indispensable  guide." — Decoration. 
"  Carefully  brought  up  to  date,  and  much  improved  by  the  addition  of  a  division  on  Fine 
Alt.    A  well-WTitten  and  thoughtful  work."— Zan^  Agent t  Rteord, 


LAW  AND  MISCELLANEOUS. 


MODERN  JOURNALISM. 

A  Handbook  of  Instruction  and  Counsel  for  the  Young  Journalist.    By  John 
B.  Mack  IB,  Fellow  of  the  Institute  of  Joturnalists.    Crown  8vo,  cloth    .    2/0 

"  This  invaluable  guide  to  Journalism  is  a  work  which  all  aspirants  to  a  journalistic  career  will 
read  with  advantage."— ^^KfTia/u'/. 

HANDBOOK  FOR  SOLICITORS  AND  ENGINEERS 

Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provisional  Orders  for 
the  Authorisation    of   Railways,    Tramways^    Gas    and  Water  Works,   &c. 
By  L.   LiviNGSTONK   Macassby,   of  the  Middle  Temple,   Barrister-at-Law, 
Inst.  C.E.    8vo,  cloth £1   5s. 


s: 


PATENTS  for  INVENTIONS,  HOW  to  PROCURE  THEM. 

Compiled  for  the  Use  of  Inventors,  Patentees  and  others.  By  G.  G.  M. 
Hardingham,  Assoc.  Mem.  Inst.  C.E.,  &c.    Demy  8vo,  cloth  •    1/6 

CONCILIATION  &  ARBITRATION  in  LABOUR  DISPUTES. 

A  Historical  Sketch  and  Brief  Statement  of  the  Present  Position  of  the 
Question  at  Home  and  Abroad.  By  T.  S.  Jeans,  Author  of  "  England's 
Supremacy,"  &&    Crown  8vo,  aoo  pp.,  doth 2/6 
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EVERY  MAN'S  OWN  LAWYER. 

A  Handy-Book  of  the  Principles  of  Law  and  Equity.  With  a  Concise 
Dictionary  of  Legal  Terms.  By  A  Barrister.  Thirty-eighth  Edition, 
carefolly  Revised,  and  including  New  Acts  of  Parliament  of  1900.  Cook' 
prising  the  Cimt^anies  Aci, /Qoo :  the  Money- Lenders  Act^  tQoo;  i^  Agri- 
cultural Holdiiu^s  Act,  tooo;  the  Worktnens  Compensation  Act^  iQOo;  the 
Wild  Animals  in  Captivity  Protection  Act,  igoo  ;  the  Finance  Acty  IQOO^  and 
other  enactments  of  the  year.  Judicial  Decisions  during  the  year  have  also 
been  duly  noted.    Crown  8vo,  750  pp.,  strongly  bound  m  cloth. 

i/ust  PuilisJUd.    6/8 

•»♦  This  Standard  Work  of  Reference  forms  k  Completb  Epitome  of  the 
Laws  op  England,  comprising  {atnongst  other  matter) : 

Thr  Rights  and  Wrongs  op  individuais— Landlord  and  Tbnant— Vendors 
AND  Purchasers— Leases  and  Mortgages— Principal  and  Agent— Partnership 
AND  Companies— Masters,  Servants  and  workmen— Contracts  and  agreements 
—BORROWERS,  Lenders  and  sureties— Sale  and  Purchase  op  Goods— Cheques, 
Bills. and  notes— Bills  op  Sale— Bankruptcy— Railway  and  Shipping  Law- 
Life.  Fire,  and  marine  insurance— accident  and  Fidelity  Insurance— Criminal 
Law— Parliamentary  Elections— County  Councils— District  Councils— Parish 
councils— municipal  corporations— ll bel  and  slander— public  health  and 
Nuisances— Copyright,  Patents,  Trade  Marks— Husband  and  wife— Divorce- 
Infancy— custody  of  children— Trustees  and  Executors— Clergy.  Churcsi- 
WARDENS,  &c.— Game  Laws  and  sporting— Innkeepers-Horses  and  Dogs- Taxes 
and  Death  Duties— Forms  of  Agreements,  Wills,  Codicils,  Notices,  &c. 


•^  T%€  object  of  this  work  is  to  enable  those  wAo  consuUU  t»  ketp  tkemsetves  *  Ar 
law  :  and  tkertty  to  dispense,  as  far  as  Possible,  with  pr^essional  eusisianee  and  advice.  There 
art  many  wrongs  and  grievances  which  persons  submit  to  /vvm.  time  to  time  through 


knowing  how  or  where  to  apply  for  redress ;  and  many  persons  have  as  great  a  drwad  ^a 
lawyer's  qjffice  as  ufa  lion's  den.  With  this  book  at  hand  it  is  believed  that  many  a  SlX-AND- 
EightPENCE  may  be  saved  ;  many  a  wrong  redressed  :  many  a  right  reclaimed:  many  a  taw 
suit  avoided  ;  and  many  an  evil  abated.  The  work  has  estnbhshed  itse{f  as  the  standard  legal 
adviser  o/all  classes,  and  has  also  made  a  reputation/or  itse{f  as  a  us^/itl  book  0/  rtferenee^ 
lawyers  residing  at  a  distance  from  law  libraries,  who  are  glad  to  have  at  hand  a  work 
emboefying  recent  decisions  and  enactments. 

Opinions  of  the  Press. 

"  It  b  ■  complete  code  of  EngBsh  Law  written  In  plain  lansuaee,  which  all  can  undefstand. 

.  .  .  ShouJdbeinthehandsofeTaiybiubie8sman,andaIl  who  wish  to  abolish  lawyess  faOk^''— 
IVeekfy  Times, 

"  A  useful  and  condae  epitome  of  the  law,  comfrfled  with  coniidcfable  care.*— .Low  Magmsine. 

"  A  complete  dlg^est  of  the  most  usefiil  facts  which  constitute  English  ]aw.''—C/obe. 

"This  excellent  handbook.  .  .  .  Admirably  done,  admirably  aitanged.  and  admliabty 
ciMp^— Leeds  Mercury 

"  A  concise,  cheap,  and  complete  epitome  of  the  Vngttmh  i^w.  So  plainly  written  that  he  who 
runs  may  read,  and  he  who  reads  may  undetstand.  "—Figarv. 

"  A  dictionary  of  legal  facts  wdl  put  together.    The  book  is  a  veiy  naefiil  one."— ^S>€rtaAfr. 


THE  PAWNBROKER'S,  FACTOR'S.  AND  MERCHANT'S 

QUIDB  TO  THB  LAW  OP  LOAN5  AND  PLBDOBS. 

With  the  Statutes  and  a  Digest  of  Cases.    By  H.  C.  Folkard,  Bazrist^-at- 
Law.    Cloth 


LABOUR  CONTRACTS. 

A  Popular  Handbook  on  the  Law  of  Contracts  for  Works  and  Services.  By 
David  Gibbons.  Fourth  Edition,  with  Appendix  of  Statutes  by  T.  F.  Uttlky, 
Solicitor.    Fcap.  8vo,  cloth 3/6 

SUMMARY  OF  THE  FACTORY  AND  WORKSHOP  ACTS 

(1878-1891).  For  the  Use  of  Manufacturers  and  Managers.  By  Emilx 
Garckk  and  J.  M.  Fells.  (Reprinted  from  "  Factory  Accounts.") 
Crown  8vo,  sewed 60. 

URADBUKY,    AtJNEW,    &  CO.    I.D.,    PRINTERS,    LONDON   AND  TONBRIDGE. 
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*'  It  is  not  too  much  to  say  that  no  books  have  ever  proved  more 
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excellent  treatises  comprised  in  Weale's  Series." — Engineer. 
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CIVIL   ENGINEERING  &  SURVEYING. 
Ciiril  Bngineerixi^. 

By  Henry  Law,  M.InstX.E.  Including  a  Treatise  on  Hvdrauuc 
Enginbbking  by  G.  R.  Burnell,  M.I.CL.  Seventh  Edition,  revised, 
with  Large  Additions  by  D.  K.  Clark,  M.I.C.E.       .        .        .    SIS 

Pioneer  Bntfineering :  , 

A  Treatise  on  the  Engineering  Operations  connected  with  the  Settlement  of 
Waste  Lands  in  New  Countries.  By  Edward  Dobson,  M.Inst.CE. 
With  nanierous  Plates.    Second  Edition 4/6 

Iron  Bridges  of  Moderate  Span: 

Their  Construction  and  Erection.  By  Hamilton  W.  Pbndrbd.  With  40 
Illustrations 2/0 

Iron  and  Steel  Bridges  and  Viaducts. 

A  Practical  Treatise  upon  their  Construction  for  the  use  of  Engineers, 
Draughtsmen,  and  Students.  By  Francis  Campin,  C.E  With  numeroos 
Illustrations 3/6 

Oonstruotional  Iron  and  Steel  Work, 

As  applied  to  Public,  Private,  and  Domestic  Buildings.  By  Francis 
Campin,  C.E 3/6 

Tubular  and  other  Iron  Girder  Bridges. 

Describing  the  Britannia  and  Conway  Tubular  Bridges.  By  G.  Drvsdalb 
Dbmi-ssv,  C.E.     Fourth  Edition 2/0 

Katerials  and  Construction: 

A  Theoretical  and  Practical  Treatise  on  the  Strains,  Dev!;;ning,  and  Erec- 
tion of  Works  of  Construction.     By  Francis  Campin,  C.E.    .  3/0 

Sanitary  Work  in  the  Smaller  Towns  and  in  Villages. 

By  Charles  Slagg,  Assoc.  M.Inst.CE.    Third  Edition         .        .    3/0 

Roads  and  Streets  (The  Construction  of). 

In  Two  Parts:  I.  The  Art  of  Constructing  Common  Roads,  by  H. 
Law,  C.E.,  Revised  by  D.  K.  Clark,  C.E. ;  II.  Rkcent  Practicb:  In- 
cluding Pavements  of  Wood,  Asphalte,  &c    By  D.  K.  Clark,  C.E.     476 

Oas  Works   (The  Construction  of). 

And  the  Manufacture  and  Distribution  of  Coal  Gas.     By  S.  HtTGHSS,  C.E 
Re-written  by  W^illiam  Richards,  C.E.    Eighth  Edition        .        .    5/6 

Water  Works 

For  the  Supply  of  Cities  and  Towns.  With  a  Description  of  the  Principal 
Geological  Formations  of  En^and  as  influencing  Supplies  of  Water-  By 
Samuel  Hughes,  F.G.S.,  C.E.    Enlarged  Edition  ....    4/0 

The  Power  of  Water, 

As  applied  to  drive  Flour  Mills,  and  to  give  motion  to  Turbines  and  other 
Hydrostatic  Engines.     By  Joseph  Glynn,  F.R.S.    New  Edition    .    2/0 

Wells  and  Well-Sinkin|f. 

By  John  Gbo.  Swindell,  A. R. I. B. A., and  G.  R.  Burnell,  CE.  Revi<-ed 
Edition.  WithaNew  Appendix  on  the  Qualities  of  Water.  Illostrated    2/0 

The  Drainage  of  Lands,  Tovns,  and  Buildings. 

By  G.  D.  Dempsbv,  C.E.  Revised,  with  laive  Additions  00  Recent 
Practice,  by  D.  K.  Clark,  M.I.CE.    Third  Edition  .        .    4/6 

The  Blasting  and  Quarrying  of  Stone, 

For  Building  and  other  Purposes.  With  Remarks  on  the  Blowing  ap  of 
Bridges.    By  Gen.  Sir  J.  BuRGOVNB,  K.C.B f/3 

foundations  and  Concrete  Works. 

With  Practical  Remarks  on  Footings,  PlankioK,  Sand,  Concrete,  B^ion, 
Pile-dnvinp^  Caissons,  and  Cofferdams.  By  E.  Dobson,  M.R.I.B.A. 
Eighth  Edition |^ 
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Pneomatios, 

Including  Acoustics  and  the  Phenomena  of  Wind  Currents,  for  the  Use  of 
Beginners.     By  Charlbs  Tomlinson,  F.R.S.     Fourth  Edition      .     1  /Q 

Iiand  and  Bn^ineering  Surveying. 

For  Students  and  Practical  Use.  liy  T.  B'akkr,  C.E.  Eighteenth  EditioOi 
Revised  and  Plxiended  by  F.  E.  Dixon,  A.M.  Inst.  C.E.,  Professional  Asso- 
ciate of  the  Institution  ot  Surveyors.  With  numerous  Illustrations  and  two 
Lithographic  Pl.ites \J ust  publUhtd    2/0 

Mensuration  and  Measuring. 

For  Students  and  Practical  Use.  With  the  Mensuration  and  Levelling  of 
Land  for  the  purposes  of  Modern  Engineering.  By  T.  IUker,  C.E.  New 
Edition  by  £.  Nugent,  C.E 1/6 


MINING   AND    METALLURGY, 
Mineralogy, 

Rudiments  of.  By  A.  Ramsay,  F.G.S.  Fourth  Edition,  revised  and 
enlarged.    Woodcuts  and  Plates 3/6 

Coal  and  Goal  Mining, 

A  Rudimentary  Treatise  on.  By  the  late  Sir  Warington  W.  Smyth, 
F.R.S.     Eighth  Edition,  revised  and  extended  by  T.   Forster  Brown. 

Uust  published     3/6 

Metallurgy  of  Iron. 

Contaming  Methods  of  Assay,  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.  With  numerous 
Illuhtrations.     Sixth  Edition,  revised  and  enlarged     ....     6/0 

The  Mineral  Surveyor  and  Valuer's  Complete  Guide. 

By  W.  LiNTERN.  Fourth  Edition,  with  an  Appendix  on  Magnetic  and 
Angular  Surveying 3/6 

Slate  and  Slate  Quarrying: 

Scientific,  Practical,  and  Commercial.  By  D.  C.  Davibs,  F.G.S.  With 
numerous  Illustrations  and  Folding  Plates.     Fourth  Edition     .        .    3/0 

A  First  Book  of  Mining  and  Quarrying, 

With  the  Sciences  connected  therewith,  for  Primary  Schools  and  Self  In- 
struction.     By  J.  H.  Collins,  F.G.S.     Second  Edition     .        .        •     1 /6 

Subterraneous  Surveying, 

With  and  without  the  Magnetic  Needle.  By  T.  Fen  wick  and  T.  Baker, 
C.E.     Illustrated 2/6 

Mining  Tools. 

Manual  of.  By  William  Morgans,  Lecturer  on  Practical  Mining  at  Che 
Bristol  School  of  Mines 2/6 

Mining  Tools,  Atlas 

Of  Engravings  to  Illustrate  the  above,  containing  935  IlIustneionB  of  Mining 
Tools,  drawn  to  Scale.    4to 4/6 

Physical  Geology, 

Partly  based  on  Major-G«nera]  Portlock's  "  Rudiments  9f  Geology." 
By  Ralph  Tate,  A.L.S.,  &C.     WoodcuUi 2/0 

Historical  Geology, 

Partly  based  on  Major-General  Portlock's  "  Rudiments.*'  By  Ral^h 
Tate,  A.L.S.,  &c.    Woodcuts 2/6 

Geology,  Physical  and  HistoricaL 

Consisting  of  "Physical  Geology/'  which  sets  forth  the  Leadinc  Principles 
of  the  Science;  and  "  Historic^  Geology,"  which  treats  of  the  Mineral  and 
Organic  Conditions  of  the  E^rth  at  each  successive  epoch.  By  Ralph 
Tate,  F.G.S 4/6 

Hleotro-Metallurgy, 

Practically  Treated.  By  Alexander  Watt.  Tenth  Edition,  enlarged 
and  revised,  including  the  most  Recent  Processes       ....    3/6 
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MECHANICAL    ENGINEERING. 
Th«  Workman's  Manual  of  Bn^ineering[  Drawing. 

By  John  Maxton,  Instructor  in  Engineering  Drawinj^,  RoyalNaval 
College.  Greenwich.    Seventh  Edition.    300  Plates  and  Diagrams   .    3/S 

Fuols:  Solid,  Liquid,  and  Oasoous. 

Their  Analysis  and  VaJoation.  For  the  Use  of  Chemists  and  Eogioeas. 
By  H.  J.  Phillips,  F.C.S.,  formerly  Analytical  and  Consulting  Chemist 
to  the  Great  Eastern  Railway.    Third  Edition 2/0 

Fuol,  Its  Oombuation  and  ESconomy. 

Consisting  of  an  Abridgment  of  *'  A  Treatise  on  the  Combustion  of  Coal  and 
the  Prevention  of  Smoke."  By  C.  W.  Williams,  A.I.C.E.  With  Exten- 
sive Additions  by  D.  K.  Clark,  M.Inst.C.E.    Fourth  Edition        .    3/G 

Tho  Boilormakor's  Aasiatant 

In  Drawing,  'I'enipiating,  and  Calculating  Boiler  Work,  ftc.  By  J.  Coust- 
NBV,   Practical    Boilermaker.     Edited   by  D.    K.   Clark,   CE.  .    2/0 

Tho  Boiler-Maker's  Ready  Reokoner, 

With  Examples  of  Practical  Geometry  and  Templating  for  the  Use  of 
Platers.   Smiths,  and  Riveters.    By  John  Courtney.    Edited  by  D.  K. 

Clark,  M.  I.e.  E.    Fourth  Edition 4,/(> 

V  TJkr  last  two  IVorks  in  On*  Volume,  half-bound^  entiiUd  "  Tkb  Boilbr- 

maker's  Rbady-Rbckonrr  and  Assistant."    By  J.  Courtney  and 

D.  K.  Clark.    Prict  7/0. 

Bteani   Boilers: 

Their  Construction  and  Management  By  R.  Armstrong,  CE.   Illustrated 

Steam  and  Machinery  Management. 

A  Guide  to  the  Arrangement  and  Economical  Management  of  Madiinerr. 
By  M.  Powis  Bale,  M.Inst. M.E 2/S 

Steam  and  the  Steam  BSntfine, 

Stationary  and  Portable.  Beingan  Extenuon  of  the  Treatise  on  the  St«UB 
Engine  of  Mr.  J.  Sbwbll.    Byl).  K.  Clark,  CE.    Fourth  Edition   3/S 

The  Steam  BSntfine, 

A  Treatise  on  the  Mathematical  Theory  of,  with  Rules  and  Examples  for 
Practical  Men.     ByT.  Baker,  CE |/S 

The  Steam   BSngine. 

By  Dr.  Lardnbr.     Illustrated |  /^ 

Iiooomotive  ESngines, 

ByG.  D.  Dbmpsev,  CE.  With  large  Additions  treating  of  the  Modem 
Locomotive^y  D.  K.  Clark,  M.Inst. CE 3/Q. 

Looomotive  Bngine-DriTintf. 

A  Practical  Manual  for  Engineers  in  charge  of  Locomotive  Engines.  By 
Michael  Reynolds.    Tenth  Edition.    3^.  6d.  limp ;  doth  boacds  .    4/^ 

Stationary  Bni^e-Driving. 

A  Practical  Manual  for  Engineers  ia  charge  of  Stationary  Engines.  By 
Michael  Reynolds.    Sixth  Edition.    3X.  6d.  limp ;  cloth  boards   .    4/6- 

The  Smithy  and  Forge. 

Including  the  Farrier's  Art  and  Coach  Smithing.  By  W.  J.  E.  Crane. 
Fourth  Edition  2/S 

Modem  Workshop  Praotioe, 

As  applied  to  Marine,  Land,  and  Locomotive  Engines,  Floating  Dodcs,. 
Dredging   Machines,   Bridges,  Ship>building,  ftc      By  J.   GTWinton 
Fourth  Edition,  Illustrated .        .    3/5. 

Meohanioal  BSngineering. 

Comprising  Metallurgy,  Moulding,  Casting,  Forginff,  Tools,  Workshop- 
Machinery,  Mechanical  Manipulation,  Manufacture  of  the  Steam  EngiiM;, 
ftc.    Bv  Francis  Campin,  Ce.   Third  Edition        ....    2/6 

Details  of  Machinery. 

Comprising  Instructions  for  the  Executimi  of  various  Works  in  Iroo  in  the 
Fitting-Shop.  Foundry,  and  Boiler-Yard.  By  Francis  Campin,  CE.  3/0 
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BlemuitaFy  Bntfinoarintf : 

A  Manual  for  Young  Marine  Engineers  and  Apprentices.  In  the  Form  ct 
Questions  and  Answers  on  Metals,  Alloys,  Strength  o(  Materials  &c. 
By  1.  S.  Brbwsr.    Fourth  Edition 1/6 

Poirer  in  Motion: 

Horse-power  Motion,  Toothed- Wheel  Gearing,  Long  and  Short  Driving 
Bands  AmuUt  Forces,  &c.    By  Jamks  Armouk,  CE.  Third  Edition  2/0 

Iron  and  Moat, 

Exhibiting  the  Principles  concerned  in  the  Construction  of  Iron  Beams, 
Pillars,  and  Girders.    By  J.  Akmour,  C.E 2/6 

Praotical  Moohanism, 

And  Machine  Tools.  By  T.  Bakbr,  C.E.  With  Remarks  on  Tools  and 
Machinery,  by  J.  N ASM YTH,  CE 2/6 

lIoohanioB : 

Being  a  concise  Exposition  of  the  General  Principles  of  Mechanical  Science, 
and  tneir  Applications.    By  Charles  Tomlinson,  F.R.S.       .        •     1/6 

Cranos  (Tho  Gonstraotion  of). 

And  other  Machinery  for  Raising  Heavy  Bodies  for  the  Erection  of  Build- 
ings, &&     By  JosBPH  Glvnn,  F.R.S 1/6 


NAVIGATION,    SHIPBUILDING,    ETC. 
The  Sailor's  Boa  Book: 

A  Rudimentary  Treatise  on  Navigation.  Bv  Jambs  Greenwood,  B.A 
With  numerous  Woodcuts  and  Coloured  Plates.  New  and  enlarged 
Edition.     By  W.  H.  Rossbk 2/6 

Praotioal  Navigation. 

Consisting  of  The  Sailor's  Sea-Book,  by  Jambs  Greenwood  and  W.  H. 
RossER  ;  together  with  Mathematical  and  Nautical  Tables  for  the  Working 
of  the  Iht>blems,  bv  Henry  Law,  C.E.,  and  Prof.  J.  R.  Young  .     7/0 

Navigation  and  Nautioal  Astronomy, 

In  Theory  and  Practice.     By  Prof.  J.  R.  Young.    New  Edition.     2/6 

Mathematioal  Tables, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations ;  to  which  is 
prefixed  a  Treatise  on  Logarithms.  By  H.  Law,  C  E.  Together  with  a 
Series  of  Tables  for  Navigation  and  Nautical  Astronomy.  By  Professor  J. 
R.  Young.    New  Edition 4./0 

Masting,  Mast-Making,  and  Rigging  of  Ships. 

Also  Tables  of  Spars,  Rigging,  Blocks ;  Chain,  Wire,  and  Hemp  Ropca. 
&c.,  relative  to  every  class  of  vessels.     By  Robert  Kiphng,  N.A.  .     2/0 

Bails  and  Sail-Making. 

With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.  By  Robert 
Kipping,  N.A. 2/6 

Marino  Bnginos  and  Stoam  Vessels. 

By  R.  Murray,  C.E.  Eighth  Edition,  thoroughly  revised,  with  Addi- 
tions by  the  Author  and  by  George  Carlisle,  CE.  .    4/6 

Naval  AFohiteotnre : 

An  Exposition  of  Elementary  Principles.    By  James  Peakb    .        .    3/6 

Ships  for  Ooean  and  River  SerYioe, 

Principles  of  the  Construction  of.     By  Hakon  A.  Sommerpbldt  .     1/6 

Atlas  of  Bngravings 

To  Illustrate  the  above.  Twelve  large  folding  Plates.  Royal  4to,  cloth     7/6 

The  Forms  of  Ships  and  Boats. 

By  W.  Bland.  Ninth  Edition,  with  numerous  Illustrations  and 
Models 1/6 
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ARCHITECTURE   AND    THE 

BUILDING   ARTS. 
Ck>iistruotional  Iron  and  Steel  Work, 

As  applied  to  Public,  Private,  and  Domestic  Buildings.  By  Francis 
Camfin,  C.E 3/5 

Building  Estates: 

a  Treatise  on  the  Development,  Sate,  Purchase,  and  Management  of  Build- 
ing Land.     By  F.  Maitland.    Third  Edition 2/0 

The  Science  of  Building : 

An  Elementary  Treatise  on  the  Principles  of  Construction.  By  EL  Wtnd- 
ham  Tarn,  M.A.  Lond.     Fourth  Edition 3/6 

The  Art  of  Building : 

General  Principles  of  Construction,  Strength,  and  Use  of  Materials,  Working 
Drawings,  Specifications,  &c     By  Edward  Dobson,  M.R.I.B.A.  .     2/0 

A  Book  on  Building, 

Civil  and  Ecclesiastical.  By  Sir  EoMtJKD  Beckett,  Q.C.  (Lord  Gkim> 
THORPE).     Second  Edition 4/6 

Dwelling-Houaee  (The  ESreotion  of), 

lUiistmted  by  a  Perspective  View,  Plans  a"<l  Sections  of  a  Pair  of  Villas,  with 
Specification,  Quantities,  and  Estimates.  By  S.  H.  Brooks,  Architect    2/6 

Cottage  Building. 

By  C.  Bkixr  Allrn.  Eleventh  Edition,  with  Chapter  on  Economic  Cot- 
tages  for  Allotments,  by  E.  E.  Allen,  C.E 2/0 

A.oouatios  in  Relation  to  Architecture  and  Building: 

The  Laws  of  Sound  as  applied  to  the  Arrangement  of  Buildings.  By  Pro- 
fessor T.  RtxiKR  Smith,  F.R.LB.A.     New  Edition,  Revised   .        .1/6 

The  Rudiments  of  Practical  Bricklaying. 

General  Principles  of  Bricklaying ;  Arch  Drawing,  Cutting,  and  Setting ; 
Pointing;  Paving,  Tiling,  &c.     By  Adam  Hammond.    With  68  Woodcuts 

1/6 

The  Art  of  Practical  Brick  Cutting  and  Setting. 

By  Adam  Hammond.    With  90  Engravings 1/6 

Briokvrork : 

A  Practical  Treatise,  embodying  the  General  and  Higher  Principles  of 
Bricklaying,  Cutting  and  Setting  ;  with  the  Application  of  Geometry  to  Roof 
Tiling,  &c.     By  F.  Walker 1/6 

Bricks  and  Tiles, 

Rudimentary  Treatise  on  the  Manufacture  of;  containing  an  Outline  of  the 
Principles  of  IVickmakin^.  By  E.  Dobson,  M.R.LB.A.  Additions  bv 
C.  ToMLiNSON,  F.R.S.     Il!ustr.ited 3/0 

The  Practical  Brick  and  Tile  Book. 

Comprising:  Brick  and  Tile  Making,  by  E.  Dobson,  M.Inst.CE.; 
Practical  Bricklaying,  by  A.  Hammond  ;  Bkick-cutting  and  Setting, 
by  A.  Hammond.     550  pp.  with  270  Illustrations,  half-bound    .        .     6/0 

Carpentry  and  Joinery — 

The  Elrmkntary  Pkincii'i.es  of  Carpentry.  Chiefly  composed  from  the 
Standard  Work  of  Thomas  Tredcold,  C.E.  With  Additions,  and  Treatise 
ON  JoiNBRY,  by  E.  W.  Tarn,  M.A.    Seventh  Edition      .  .    3/6 

Carpentry  and  Joinery — Atlas 

Of  35  Plates  to  accompany  and  Illustrate  the  foregoing  book.  With 
Descriptive  Letterpress.     410        ....  ...     6/0 
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ML  Praotioal  Treatiae  on  Handrailin^; 

Showing  New  and  Simple  Methods.  By  Gbo.  Collincs.  Second  Edition. 
Revised,  including  a  Tkbatisb  on  Stairbuilding.    With  Plates  .     2/o 

Oiroalar  Work  in  Carpentry  and  Joinery. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvatnre. 
By  Gborgb  Collincs.    Third  Edition 2/6 

Roof  Carpentry: 

Practical  Lessons  in  the  Framing  of  Wood  Roofs.  For  the  Use  of  Working 
Carpenters.      By  Geo.  Collincs 2/0 

The  Construction  of  Roofs  of  Wood  and  Iron; 

Deduced  chiefly  from  the  Works  of  Robison,  Tredgold,  and  Humber.  Bv 
£.  Wyndham  Tarn,  M.  A.,  Architect    Third  Edition  .        .1/6 

The  Joints  Made  and  Used  by  Builders. 

By  Wyvill  J.  Christy,  Architect,     with  i6o  Woodcuts  .    3/0 

Shoring 

And  its  Application  :  A  Handbook  for  the  Use  of  Students.  By  Gbosgb 
H.  Blagrovb.     With  31  Illustrations 1/6 

The    Timber    Importer's,    Timber    Merohant*s,    and 
Builder's  Standard  Guide. 

By  R.  E.  Grandy 2/0 

Plumbing : 

A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of  the  Plumber.  With 
Chapters  upon  House  Drainage  and  Ventilation.  By  Wm.  Paton  Buchan. 
Eighth  Edition,  Re-written  and  Enlarged,  with  500  Illustrations       .     3/6 

Ventilation : 

A  Text  Book  to  the  Practice  of  the  Art  of  Ventilating  Buildings.    By  W.  P. 
Buchan,  R.P.,  Author  of  "  Plumbing,"  &c.     With  170  Illustrations    3/6 

The  Praotical  Plasterer: 

A  Compendium  of  Plain  and  Ornamental  Plaster  Work.  By  W.  Kbmp    2/0 

House  Painting,  Orainintf,  Marbling,  ft  Sign  Writing. 

With  a  Course  of  Elementary  Drawing,  and  a  Collection  of  Useful  Receipts. 
By  Ellis  A.  Davidson.       Eighth  Edition.    Coloured  Pl.ites  .        .    o/O 

*»*  TA£  a^<iv€,  in  cloih  boards,  strongly  bounds  6/0 

A  Grammar  of  Colouring, 

Applied  to  Decorative  Painting  and  the  Arts.     By  George  Fibld.    New 
Edition,  enlarged,  by  Ellis  A.  Davidson.    With  Coloured  Plates  .     3/0 

Blementary  Decoration 

As  applied  to  Dwelling  Houses,  &c.  By  James  W.  Facey.  Illttstrated    2/0 

Practical  House  Decoration. 

A  Guide  to  the  Art  of  Ornamental  Painting,  the  Arrangement  of  Colotirs  in 
Apartments,  and  the  Principles  of  Decorative  Design.   By  Jambs  W.  Fackt. 

•«*  Tht  last  two  Works  in  Ont  handsomt  Vol.^  half -bounds  entitled  "  H0U8B 
Decoration,  Elementary  and  Practical,"  frice  6/0 

Portland  Cement  for  Users. 

By  Henry  Faija,  A.M.Inst.C.E.    Third  Edition,  Corrected .        .     2/0 

liimes,  Gements,  Mortars,  Concretes,  Mastics,   Plas- 
tering, Ac. 

By  G.  R.  BuRNBLL   C.E.    Fifteenth  Edition 1/6 
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Masonry  and  Btime-Ciittln^. 

The  Principles  of  Masonic  Projection  and  their  a|>plication  to  Construction. 
By  Edward  DoBSON,  M.R.I.B.A. 2/6 

Arohes,  Piers,  Buttresses,  fto.: 

Experimental  Essays  on  the  Principles  <^  Construction.      By  W.  Blakd. 

1/6 

Quantities  and  Measurements, 

In  Bricklayers',  Masons',  Plasterers',  Plumbers',  Painters',  Papeilianger^'. 
Gilders',  Smiths',  Carpenters'  and  Joiners'  Work.   By  A.  C  Bbaton     1  /6 

The  Gomplete  Measurer: 

Setting  forth  the  Measurement  of  Boards,  Glass,  Timber  and  Stone.  By  R. 
HoRTON.     Sixth  Edition 4/0 

%*  Tkg  ab0tf*y  ttrongly  bound  in  leatJkgr,  fric*  6/0* 

Light: 

An  Introduction  to  the  Science  of  Optics.  Designed  for  the  Use  of  Students 
of  Architecture,  Engineering,  and  other  Applied  Sciences.  By  E  Wy-hd* 
HAM  Tarn,  M.  A.,  .\uthor  of  "  The  Science  of  Building,"  ftc.  .        .1/6 

Hints  to  Toung  Architeots. 

By  Gborgb  Wightwick,  Architect  Sixth  Edition,  revised  and  enlarged 
by  G.  HusKissoN  Guillaumb,  Architect 3/6 

JLrohiteoture— Orders : 

The  Orders  and  their  ^Esthetic  Principle.    By  W.  H.  Lbbds.    Illustrated. 

1/6 

Arohiteoture— Styles : 

The  History  and  Description  of  the  Styles  of  Architecture  of  Various 
Countries,  from  the  EUu-liest  to  the  Present  Period.  By  T.  Talbot  Bust, 
F.R.I.B.A.     Illustrated 2/0 

*«*  Ordbrs  and  Stylbs  op  Architbcturb,  in  One  VoL^  3/6* 

Architecture — Design : 

The  Principles  of  Design  in  Architecture,  as  deducible  from  Nature  and 
exemplified  in  the  Works  of  the  Greek  and  Gothic  Architects.    By  Edw. 

Lacy  Garbbtt,  Architect     Illustrated 2/6 

%*  Tkt  three  preceding  Worke  in  One  handsome  VoL,  half  bound,  entUled 
"MoDBRN  Architbcturb,"  j^fiff  6/0* 

Perspective  for  Beginners. 

Adapted  to  Young  Students  and  Amateurs  in  Architecture,  Painting,  &c. 
By  Gborgb  Pyne 2/0 

Architectural  Modelling  in  Paper. 

By  T.  A.  Richardson.    With  Illustrations,  engraved  by  O.  Jswrrr     1  /6 

Glass  Staining,  and  the  Art  of  Painting  on  Glass. 

From  the  German  of  Dr.  Gessert  and  Ehamubl  Otto  Frombbsg.  With 
an  Appendix  on  Thb  Art  op  Enamblling 2/6 

Yitruvius— The  Architecture  of. 

In  Ten  Books.  Translated  from  the  Latin  by  Josbph  Gwilt,  F.S.A., 
F.R.A.S.    With  83  Plates 5/Ci 

N.B.^Thit  is  the  only  Edition  e^ViTRUVius  procurable  eU  a  moderate  priee^ 

Grecian   Architecture, 

An  Inquiry  into  the  Principles  of  Beauty  in.  With  an  Historical  View  of  the 
Rise  and  Progress  of  the  Art  in  Greece.   By  the  Earl  op  Abbrdbbm     1  /Q 

%*  The  two  Preceding  IVorhs  in  One  handsome  Vol.,  ha^  bound,  enHtlod 
"  AwciBWT  Architbcturb,"  price  6/0' 
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INDUSTRIAL   AND    USEFUL    ARTS. 
G«ments,  Pastes,  Glues,  and  Gums. 

A  Practical  Guide  to  the  Manufacture  and  Application  of  the  various 
Agglutinanu  required  for  Workshop,  Laboratory,  or  Office  Use.  With 
upwards  ofooo  Recipes  and  Formulz.    By  H.  C.  Standacb    .        .     2/0 

Olooks  and  Watches,  and  Bells, 

A  Rudiraentary  Treatise  on.  By  Sir  Edmund  Bbckbtt,  Q.C.  (Lord 
Grimthorpb).    Seventh  Edition 4V6 

The  Goldsmith's  Handbook. 

Containing  full  Instructions  io  the  Art  of  Alloying,  Melting,  Reducing, 
Colouring,  Collecting  and  Refining,  Recovery  of  Waste,  Solders,  Enamels, 
&c.,  &c.    By  Georgb  E.  Gbb.    Fifth  Edition 3/0 

The  Silversmith's  Handbook, 

On  the  same  plan  as  the  Goldsmith's  Handbook.    ByG.  E.  Gbb.    3/0 
*•*  TAe  last  two  Works,  in  One  handsome  Vol.,  hal/'bound^  7/0- 

The  HaU-Marking  of  Jewellery. 

Comprising  an  account  of  all  the  different  Assay  Towns  of  the  United 
Kinsdom ;  with  the  Stamps  and  Laws  relating  to  the  Standards  and  Hall- 
Marks  at  the  various  Assav  Offices.     By  Gborob  E.  Gbb  3/0 

French  Polishing  and  ESnamelling. 

A  Practical  Work  of  Instruction,  including  numerous  Recipes  for  making 
Polishes,  Varnishes,   Glaze-Lacquers,   Revivers,  &c.      By  R.  Bitmead. 

Uust  Published.     \  /6 

Praotioal  Organ  Building. 

By  W.  E.  Dickson,  M.  A    Second  Edition,  Revised,  with  Additions   2/6 

Ckmoh-Bnilding : 

A  Practical  Treatise.    By  Jambs  W.  Bubgbss.   With  57  Illustrations    2/6 

The  Cabinet-Maker*s  Guide 

To  the  Entire  Construction  of  Cabinet-Work.     By  R.  Bitmbad. 

\Just  Published.    2/6 

The  Brass  Founder's  Manual: 

Instructions  for  Modelling,  Pattern  Making,  Moulding,  Turning,  &C.  By 
W.  Graham 2/U 

The  Sheet-Metal  Worker's  Guide. 

A  Practical  Handbook  for  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.,  with 
46  Diagrams.     By  W.  J.  E.  Cranb.    Third  Edition,  revised    .        .1/6 

Sewing  Machinery: 

Its  Construction,  History,  &c.  With  full  Technical  Directions  for  Adjust- 
ing, &c     By  J.  W.  Urquhart,  C.E 2/0 

Gas  Fitting: 

A  Practical  Handbook.     Bv  John  Black.    New  Edition         .  2/6 

Construotion  of  Door  Locks. 

From  the  Papers  of  A.  C.  Hobbs.    Edited  by  C.  Tomlinson,  F.R.S.     2/6 

The    Model    Lcxtomotive    Bngineer,    Fireman,    and 
Bngine-Boy. 

By  MiCHABL  Rbynolds 3/6 

The  Art  of  Letter  Painting  made  Basy. 

By  J.  G.  Badbnoch.     With  la  full-page  Engravings  of  Examples  .     1  /Q 

The  Art  of  Boot  and  Shoemaking. 

Including  Measurement,  Last-fitting,  Cutting-out,  Closing  and  Making.  Bv 
John  Bbdford  Lbno.    With  numerous  Illustrations.  Fourth  Edition    2/0 

Mechanical  Dentistry: 

A  Practical  Treatise  on  the  Construction  of  the  Various  Kinds  of  Artificial 
^^        Dentures.    By  Charlbs  Huntbr.     Fourth  Edition  .        .    3/0 

Wood  Bngraving: 

<9      A  Practical  and  Easy  Introduction  to  the  Art.     By  W.  N.  Brown    .     \  /6 

Laundry  Management. 

A  Handbook  for  Use  in  Private  and  Public  Laundries.    By  the  Editor  of 
The  Laundry  Journal." 2/0 


If  < 
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AGRICULTURE,    GARDENING,    ETC, 
Draining  and  BSmbanking: 

A  Practical  Treatise.     I3y  Prof.  John  Scott.    With  6S  Illustratioiu     1  /S 

Irritfation  and  Water  Supply: 

A  Practical  Treatise  on  Water  Meadows,  Sewage  I rriaration,  Warping,  ftc; 
on  the  Construction  of  Wells,  Ponds,  Reservoirs,  ac  By  Prof.  John 
Scott.     With  34  Illustrations •     1  /S 

Farm  Roads,  Fences,  and  Gates: 

A  Practical  Treatise  on  the  Roads,  Tramways,  and  Waterways  of  the 
Farm ;  the  Principles  of  Enclosures ;  and  the  diflferenl  kinds  <h  Fences, 
Gates,  and  Stiles.     By  Prof.  John  Scott.     With  75  Illustrations    .     1  /S 

Farm  Buildings: 

A  Practical  Treatise  on  the  Buildings  necessary  for  various  kinds  of  Farms, 
their  Arrangement  and  Construction,  with  Plans  and  Estimates.  By  Prof. 
John  Scott.    With  105  Illustrations 2/0 


Bam  Implements  and 

Treating  of  the  Application  of  Power  and  Machines  used  in  the  Threshing* 
haxn,  Stockyard,  Dairy,  &c.     By  Prof.  J.  Scott.    With  133  Illustrations. 

2/0 
Field  Implements  and  Machines: 

With  Principles  and  Deuils  of  Construction  and  Points  of  Excellence,  their 
Management,  cSrc.     By  Prof.  John  Scott.     With  138  Illustrations    2/0 

A^ioultural  Surveying: 

A  Treatise  on  Land  Surveymg,  Levelling,  and  Setting-out ;  with  Directions 
for  Valuing  Estates.     By  Prof.  J.  Scott.     With  6a  Illustrations       .     t  /6 

Farm  Bn^ineerin^. 

By  Professor  John  Scott.     Comprising  the  above  Seven  Volumes  in  One, 
1,150  pages,  and  over  600  Illustrations.     Holf-botmd       .        .        .     12/0 

Outlines  of  Farm  Management. 

Treating  of  the  General  Work  of  the   Farm;   Stock;   Contract  Work; 
Labour,  &c.     By  R.  Scott  Burn 2/6 

Outlines  of  Lianded  Bstates  Management. 

Treating  of  the  Varieties  of  Lands,  Methods  of  Farming,  Setting-out  of 
Farms,  Roads,  Fences,  Gates^  Drainage,  &c     By  R.  Scott  Burn  .     2/6 
•»♦  Tkt  above  Two  Vols,  in  Oru,  handsomtly  half-boumiy  prict  6/0 

Boils,  Manures,  and  Crops. 

(Vol.  L  Outlines  of  Modern  Farming.)    By  R.  Scott  Burn  .    2/0 

Farming  and  Farming  Boonomy. 

(Vol.  II.  Outlines  of  Modern  Farming.)    By  R.  Scott  Burn    3/0 

Stock:    Cattle,  Sheep,  and  Horses. 

(Vol.  III.  Outlines  of  Modern  Farming.)      By  R.  Scott  Burn    2/6 

Dairy,  Pigs,  and  Poultry. 

(Vol.  IV.  Outlines  of  Modern  Farming.)    By  R.  Scott  Burn    2/0 

Utilisation  of  Sewage,  Irrigation,   and  Beclamation 
of  Waste  Land. 

(Vol.  V.  Outlines  of  Modern  Farming.)    By  R.  Scott  Burn  .    2/6 

Outlines  of  Modem  Farming. 

By  R.   Scott  Burn.     C^nslstinK  of  the  above  Five  Volumes  in  One, 
1,250  pp.,  profusely  Illustrated,  half-bound  .        .     1 2/0 
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Book-keeping  for  Farmers  and  BSstate  Owners. 

a  Practical  Treatbe,  presenting,  in  Three  Plans,  a  System  adapted  for  all 
classes  of  Farms.    By  J.  M.  Woodman.    Third  Edition,  revised     .    2/6 

Ready  Reckoner  for  the  Admeasurement  of  Liand. 

By  A  Arman.    Fourth  Edition,  revised  and  extended  by  C  Norkis    2/0 

Miller's,    Com     Merchant's,     and     Farmer's     Ready 
Reckoner. 

Second  Edition,  revised,  with  a  Price  List  of  Modern  Flour  Mill  Machinery, 
by  W.  S.  HuTTON,  C.E 2/0 

The  Hay  and  Straiv  Measurer. 

New  Tables  for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Strav 
Dealers,  &c.     By  John  Stsblb 2/0 

Meat  Production. 

A  Manual  for  Producers,  Distributors,  and  Consumers  of  Butchers'  Meat 
By  John  Ewart 2/6 

Sheep: 

The  Hbtory,  Structure,  Economy,  and  Diseases  of.  By  W.  C.  Spoonsr, 
M.R.V.S.     Fifth  Edition,  with  fine  Engravings 3/6 

Market  and  Kitchen  Gardening. 

By  C.  W.  Shaw,  late  Editor  of  "  Gardening  Illustrated  "  .        .       .    3/0 

Kitchen  Gardening  Made  Basy. 

Showing  the  best  means  of  Cultivating  every  known  Vegetable  and  Herb, 
&c,  with  directions  for  management  all  the  year  round.  By  Georgb  M.  F. 
Glbnnv.     Illustrated 1/6 

Ck>ttage  Gardening: 

Or  Flowers,  Fruits,  and  Vegetables  for  Small  Gardens.    By  E.  Hobday. 

1/6 

Garden  Receipts. 

Edited  by  Charles  W.  Quin  1/6 


Fruit   Trees, 

The  Scientific  and  Profitable  Culture  of.  From  the  French  of  M.  Du 
Brbuil.  Fifth  Edition,  carefully  Revised  by  Georgb  Glbnnv.  With 
187  Woodcuts 3/6 

The  Tree  Planter  and  Plant   Propagator: 

With  numerous  Illustrations  of  Grafting,  Layering,  Budding,  Implements, 
Houses,  Pits,  &c.    By  Samuel  Wood 2/0 

The  Tree  Pruner: 

A  Practical  Manual  on  the  Pruning  of  Fruit  Trees.  Shrubs,  Climbers,  and 
Fhowering  Plants.   With  numerous  Illustrations.    By  Samuel  Wood     I/Q 

♦,*  TAe  ab<rv€  Two  Vols,  in  One^  fuxndxomely  half-bound^  prict  3/6 

The  Art  of  Grafting  and  Budding. 

By  Charles  Baltbt.    With  Illustrations  .' 2/6 


12    weale's  scientific  and  technical  series. 


MATHEMATICS,    ARITHMETIC,   ETC. 
Descriptive  Geometry, 

An  Elementary  Treatise  on  ;  with  a  Theory  of  Sliadows  and  of  Perspective, 
extracted  from  the  French  of  G.  Moncb.  To  which  is  added  a  Descriptioa 
of  the  Principles  and  Practice  of  Isometrical  Projection.  By  J.  F.  Heathbk, 
M.A.     With  14  Plates 2/0 

Praotioal  Plane  Geometry: 

Giving  the  Simplest  Modes  of  Constructing  Figures  contained  in  one  Plane 
and  Geometrical  Construction  of  the  Ground.  By  J.  F.  Heather,  M.A 
With  215  Woodcuts 2/0 

Analytical  Geometr;^  and  Conic  Sections, 

A  Rudimentary  Treatise  on.  By  Tames  Hann.  A  New  Editioa,  re- 
written and  enlarged  by  Professor  J.  K.  Young         ....    2/0 

Euclid  (The  Blements  of). 

With  many  Additional  Propositions  and  Explanatory  Notes ;  to  which  is 
prefixed  an  Introductory  Essay  on  Lo^nc     By  Ubnry  Law,  C.E.  .     2/6 


*»•  SoM  a/sff  sr^nm/e/vt  vis : — 


Euclid.    The  First  Three  Books.     By  Henry  Law,  C.E.    .        .        .1/6 
Buolid.     Books  4,  5,  6,  II,  xa.     By  Hbnrv  Law,  C.£.     .  •     1/6 

Plane  Trigonometry, 

The  Elements  of.     By  Jambs  Hann. I/Q 

Spherical  Trigonometry, 

The  Elements  of.  By  James  Hank.  Revised  by  Charles  U.  Dow- 
ling,  CE 1/0 

•»•  Or  with  "  TfuEUmtnts  of  PUine  Trigottcptuiry"  in  One  ^olumet  2/6 

Diiferential  Calculus, 

Elements  of  the.     By  W.  S.  B.  Woolhousb,  F.R.A.S.,  &c.       .        .1/6 

Integral  Calculus. 

By  HoMBRSHAM  Cox,  B.A 1/6 

Algebra, 

The  Elements  of.  B^  James  Haddon,  M.A.  With  Appendix,  containing 
M  iscellaneous  Investigations,  and  a  Collection  of  Ih-oblems        .        .    2/0 

A  Key  and  Companion  to  the  Above. 

An  extensive  Repository  of  Solved  Examples  and  Problems  in  Algebra. 
By  J.  R.  Young 1/6 

Commercial  Book-keeping. 

With  Commercial  Phrases  and  Forms  in  English,  French,  Italian,  and 
German.     By  Jambs  Haddon,  M.A 1/6 

Arithmetic, 

A  Rudimentary  Treatise  on.  With  full  Explanations  of  its  Theoretical 
Principles,  and  numerous  Examples  for  Practice.  For  the  Use  of  Sdiools 
and  for  Self-Instruction.  By  J.  R.  Young,  late  ProfesMVof  Mathematics 
in  Belfast  College,    lliirteenth  Edition 1/6 

A  Key  to  the  Above. 

By  J.  R.  Young 1/6 

Bquational  Arithmetic, 

Applied  to  Questions  of  Interest,  Annuities,  Life  Assurance,  and  General 
Commerce  ;  with  various  Tables  by  which  all  Calculations  may  be  greatly 
facilitated.    ByW.  Hipslbv 1/6 

Arithmetic, 

Rudimentarv,  for  the  Use  of  Schools  and  Self-lnstructton.  By  Jambs 
Haduon,  Nl.A.     Revised  by  Abraham  Akman  .        .       •     1/6 

A  Key  to  the  Above. 

ByA.  Arm^n 1/6 
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Mathematioal  Instruineiits : 

Their  Construction,  Adjostment,  Testing,  and  Use  concisely  Explained. 
By  j.  F.  Hrathbk,  M.A.,  of  the  Royal  Miiitanr  Academy,  Woolwich. 
Fourteenth  Edition,  Revised,  with  Additions,  by  A.  T.  Walmisley, 
M.I.C.E.    Orijdnal  Edition,  in  i  vol.,  Illustrafxl       ....     2/0 

*«*  In  crtUrinjp  tkg  abwt^  bt  cartjul  io  say  "  Origintd  EdiHon**  or  grot  thg 
number  in  tkt  Series  (33X  to  tUstinguisk  it  from  ike  Enlarged  Edition  in 
3  vols,  {as  foUoxvs) — 

Drawin|(  and  Measuring  Inatraments. 

lncluding~I.  Instruments  employed  in  Geometrical  and  Mechanical  Draw- 
ing,  and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and 
Plans.  II.  Instruments  used  for  the  purposes  of  Accurate  Measurement, 
and  for  Arithmetical  CompuUtions.     By  J.  F.  Hbathbr.  M.A  1/6 

Optical  Instruments. 

Including  (more  especially)  Telescopes,  Microscopes,  and  Apparatus  far 
producing  copies  of  Maps  and  Pians  by  Photography.  By  J.  F.  Heathbs, 
M.A.     illustrated 1/6 

Surveying  and  Astronomical  InstFuments. 

Includmg^ — I.  Instruments  used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.  II.  Instniments  employed  in  Astronomical  Ob- 
servations.    By  J.  F.  Hbather,  M.A.     Illustrated.  •     1/S 

\*  The  above  three  volumes  form  an  enlargement  0/  the  Anthonys  original  work, 
*'  Mathematical  Instruments^^  price  2/0-    {Described  at  top  0/ page.) 

Mathematical  Instruments: 

Theur  Construction,  Adjustment,  Testing  and  Use.  Comprising  Drawing, 
Measuring,  OpticaK^  Surveyinj^,  and  Astronomical  Instruments.  By  Jf.  F. 
Heather,  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re> written. 
The  Three  Parts  as  above,  in  One  thick  Volume.         ....    4/S 

The  Slide  Rule,  and  How  to  Use  It. 

Containing  full,  easy,  and  simple  Instructions  to  perform  all  Business  Cal* 
cul.itions  with  unexampled  rapidity  and  accuracy.  By  Chaklbs  Hoare. 
C.E.    With  a  Slide  Rule,  in  tuck  of  cover.     Seventh  Edition    .        .    2/6 

Logarithms. 

With  Mathematical  Tables  for  Trigonometrical,  Astronomical,  and  Nautical 
Calculations.     By  Henry  Law,  CE.    Revised  Edition    .  .    3/O 

Gonipound  Interest  and  Annuities  (Theory  of). 

With  Tables  of  Logarithms  for  the  more  Difficult  Computations  of  Interest, 
Discount,  Annuities,  ftc,  in  all  their  Applications  and  Uses  for  Mercantile 
and  State  Purposes.    By  Fbook  Thoman,  Paris.    Fourth  Edition    .    4/0 

Mathematical  Tables, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations ;  to  which  is 
prdRxea  a  Treatise  on  Logarithms.  By  H.  Law,  CE.  Together  with  a 
Series  of  Tables  for  Navigation  and  Nautical  Astronomy.  By  Professor  J. 
R.  Young.    New  Edition 4/0 

Mathematics, 

As  applied  to  tba  Constructive  Arts.  By  Francis  Campin,  CE.,  &c 
Third  Editioa 3/0 

Astronomy. 

By  the  late  Rev.  Robert  Main.  F.R.S.  Third  Edition,  revised  and  cor- 
rected to  the  Present  Time.    By  W.  T.  Lynk,  F.R.AS.    .  .    2/0 

Statics  and  Dynamics. 

The  Principles  and  Practice  of.    Embracing  also  a  clear  development  of 
Hydrostatics.  Hydrodynamics,  and  Central  Forces.     By  T.  Bakbx,  C 
Fourth  Edition 1/6 
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BOOKS    OF    REFERENCE   AND 

MISCELLANEOUS    VOLUMES. 

tk  DIotlonary  of  Painters,  and  Handbook  for  Pioture 
Amateurs. 

BeinK  a  Guide  for  Visitors  to  Public  and  Private  Picture  Galleries,  and  for 
Art-Students,  including  Glosviry  of  Terms,  Sketch  of  Principal  Schools  of 
PaintinK,  &c.     Qy  Philippe  Darvl,  B.A 2/6 

Paintintf  Popularly  Bzplained. 

By  r.  J.  GULLicK,  Painter,  and  John  Timbs,  F.S.A  Including  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera  Encaustic,  Miniature, 
Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass,  &c.  Sixth  Edition    6/0 

JL  Diotionary  of  Terms  used  in  Architecture,  Build- 
ing, Bntfineering,  Mining,  Metallurgy,  Archaa- 
ology,  tne  Fine  Arts,  ftc. 

BvJohnWbalb.     Sixth  Edition.    Edited  by  R.  Hunt,  F.R.S.    .    6/0 

Music : 

A  Rudimentary  and  Practical  Treatise.  \Vith  numerous  Examples.  By 
Charlbs  Child  Spbncbr  » 2/6 

Pianoforte, 

The  Art  of  Playing  the.  With  numerous  Exercises  and  Lessons.  By 
Charlbs  Child  Spencbr 1/6 

The  House  Manager. 

A  Guide  to  Housekeeping,  Cookery,  Pickling  and  Preserving,  Household 
Work,  Dairy  Management,  Cellarage  of  Wines,  Home-tirewing  and  Wioe- 
making,  Gardening,  &c.     By  An  Old  Housbkrkpkr       .        .  3/6 

Manual  of  Domestic  Medicine. 

By  R.  Gooding,  M.D.  Intended  as  a  Family  Guide  in  all  cases  of 
Accident  and  Emergency.     Third  Edition,  carefully  revised     .        .    2/0 

Management  of  Health. 

A  Manual  of  Home  and  Personal  Hygiene.     By  Rev.  Jambs  Baird     t  /O 

Natural  Philosophy, 

For  the  Use  of  Beginners.    By  Charlbs  Tomlinson,  F.R.S.  .        '1/6 

The  Blementary  Principles  of  Blectric  Lighting. 

By  Alan  A.  Campbell  Swinton,  M.In&t.C.K.,  M.I.E.E.  Fourth 
Edition,  Revised [Just  PuifiisAed    \  /6 

The  Electric  Telegraph, 

Its  History  and  Progress.     By  R.  Sabinb,  CE.,  F.S.A.,  &c.    .        .    3/0 

Handbook  of  Field  Fortifi<sation. 

By  MjgorW.  W.  Knollys,  F.R.G.S.    With  163  Woodcuts     .        .    3/0 

Logic, 

Puce  and  Applied.     By  S.  H  Emmbns.    Third  Edition   .  -1/6 

Locke  on  the  Human  Understanding, 

Selections  from.    With  Notes  by  S.  H.  Emmbns  .        .        '1/6 

The  Compendious  Calculator 

{Intuitra*  Ctticuiatiotu).  Or  E^sy  and  Concise  Methods  of  Perfonmns  die 
various  Arithmetical  Oi>erations  required  in  Commercial  and  Businesi 
Transactions  ;  together  with  Useful  Tables,  &c.  By  Danibl  O'Gorman. 
Twenty-seventh  Edition,  carefully  revised  by  C.  NoRRis  .        .         .    2/6 
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Measures,  Weights,  and  Moneys  of  all  Nations. 

With  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan  Calendan. 
By  W.  S.  B.  WooLHOOSK,  F.R.A.S.,  F.S.S.    Seventh  Edition         .     2/6 

Orammar  of  the  English  Tongue, 

Spoken  and  Written.     With  an  Introduction  to  the  Study  of  ConiparatiTe 
Philology.    By  Hyde  Clarkb,  D.C.L.    Fifth  Edition.    .        .        .1/6 

Diotionary  of  the  Bnglish  I^anguage. 

As  Spoken  and  Written.      Containing  above  100,000  Woids.      By  Hvdb 

Claskb,  D.C.L 3/6 

Compute  with  the  Grammar,  6/6 

Composition  and  Punctuation, 

Familiarly  Explained  for  those  who  have  neglected  the  Study  of  Gnunnutr. 
By  Justin  Brenan.     x 8th  Edition. 1/6 

French  GramniaF. 

With  Complete  and  Concise  Rules  on  the  Genders  of  French  Nouns.    Bj 
G.  L.  Strauss,  Ph.D 1/6 

English -French  Dictionary. 

Comprising  a  large  number  of  Terms  used  in  Engineering,  Mining,  &c 
liy  Alfred  Elwes 2/0 

French  Dictionary. 

In    two    Parts— I.    French -English.     II.     English>French,    complete    in 

One  Vol 3/0 

***  Or  with  the  Grammar,  4/6* 

French  and  ESnglish  Phrase  Book. 

Containing  Introductory  Lessons,  with  Translations,  Vocabularies  of  Words, 
Collection  of  Phrases,  and  Easy  Familiar  Dialogues  .        .        .        .1/6 

German  Grammar. 

Adapted  for  English  Students,   from  Heyse's  Theoretical  and   Practical 
Grammar,  by  Dr.  G.  L.  Strauss 1/8 

German  Triglot  Dictionary. 

By  N.  E.  S.  A.  Hamilton.    Part  I.  German-French-English.     Part  II. 
English'German-French.     Part  III.  French-German-Englisn    .  3/0 

German  Triglot  Dictionary. 

(As  above).     Together  with  German  Grammar,  in  One  Volume  6/0 

Italian  Grammar. 

Arranged  in  Twenty  Lessons,  with  Exercises.     By  Alfred  Elwbs.     1  /Q 

Italian  Triglot  Dictionary, 

Wherein  the  Genders  of  all  the  Italian  and  French  Nouns  are  carefullv 
noted  down.     By  Alfred  Elwes.    Vol.  I.  Italian-Englich>French.     2/6 

Italian  Triglot  Dictionary. 

By  Alfred  Elv.es.     Vol.  II.  English-French-Italian       .        .  2/6 

Italian  Triglot  Dictionary. 

ByALFRF.u  Elwf.s.     Vol.  III.   French-Iialian-Engliah     .        .        -26 

Italian  Triglot  Dictionary. 

(As  above).     In  One  Vol 7/© 

Spanish  Grammar. 

In  a  Simple  and  Practical  Form.  With  Exercises.  By  Alfred  Elwes     1  /6 

Spanish-BSnglish  and  Bnglish-Spanish  Dictionary. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering, 
&c.,  with  the  proper  Accents  and  the  (lender  of  every  Noun.     By  Alfred 

Klwbs 4/0 

•,*  r7r  WM  M/ Grammar,  6/0- 
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Powtugammm  Onunmar, 

In  a  Simple  and  Practical  Form.  With  Exercises.  By  ALPmsD  Elwks    |  /0 

POrtn^astt-ESntfllsh    and    Bn^ish-Portnfaastt    Dio- 
tionarv. 

Including  a  large  number  of  Technical  Terms  used  io  Mining,  Engineering, 
&C.,  with  the  proper  Accents  and  the  Gender  of  every  Noon.    By  Alfkbd 

Elwbs.    lliild  Edition,  revised S/Q 

%*  Or  with  tMe  Gxammar,  7/0* 

Animai  Physios, 

Handbook  of.    By  Dionysiits  Lardnkk,  D.C.L.    With  590  lUnatratioas. 

In  One  Vol.  (73a  pages),  cloth  boards 7/3 

*«*  SoU  mU0  in  T^uto  Pmris,  atfolhw:— 
Animal  Physics.    By  Dr.  Lardkbk.    Part  I.,    Chapters  I.— ^VII.    4/0 
Animal  Physics.    By  Dr.  I^kdniul    Part  II.,  Chapters  VIII.— XVIII. 

3/0 
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